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A  STUDY  OF  SOME  CONSTITUENTS  OF  THE  MILK  AND  BLOOD 


AND  THE  EFFECTS  OF  THE  ANIMAL  PROTEIN  FACTOR 
IN  SWINE  NUTRITION 

ABSTRACT 

Part  I.  Vitamins  A  and  C  Studies  of  Sows*  Blood  and  Milk  and 
of  the  Blood  of  Their  Young. 

A  study  was  carried  out  to  determine  the  levels  of 
vitamins  A  and  C  in  sows'  blood  plasma  and  milk  and  the 
relation  these  levels  have  to  the  plasma  levels  of  these 
vitamins  in  the  young  pigs.  During  a  preliminary  gestation  and 
lactation  period  all  sows  were  treated  similarly  under  normal 
conditions  receiving  adequate  vitamin  A.  During  the  second 
period  the  sows  were  divided  into  two  groups,  one  on  pasture 
and  receiving  adequate  vitamin  A,  and  the  second  in  dry-lot 
receiving  a  ration  deficient  in  vitamin  A.  Vitamin  A  levels  In 
blood  plasma  and  milk  of  dry-lot  sows  and  of  the  blood  plasma 
of  their  litters  were  lower  than  those  of  the  corresponding 
animals  in  the  vitamin  A  supplemented  group.  Vitamin  C  levels 
fluctuated  considerably,  no  consistent  differences  between  the 
two  lots  being  established.  While  several  suckling  pigs  became 
practically  depleted  of  plasma  vitamin  A,  no  other  deficiency 
sympyoms  were  observed  over  this  short  period.  The  fact  that 
these  pigs  did  become  depleted  does  however,  Indicate  the 
necessity  of  feeding  some  source  of  vitamin  A  to  breeding 
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Part  II.  Amino  Acid  Composition  of  Sows'  Colostrum  and  Milk. 

The  amino  acid  composition  of  sows'  milk  was  determined 
at  various  stages  during  the  lactation  period.  Colostrum 
protein  was  found  to  be  higher  in  threonine,  phenylalanine, 
valine  and  leucine  and  lower  in  lysine  and  methionine  than  was 
milk  protein.  Histidine  showed  little  variation,  throughout 
the  lactation  period.  Isoleucine  was  found  to  be  lower  in 
the  very  first  colostrum  but  quickly  became  constant  in  both 
later  colostrum  and  milk  samples.  Arginine  levels  of  the  milk 
of  the  two  sows  showed  conflicting  trends.  The  high  amino  acid 
content  of  sows'  colostrum  and  milk,  associated  with  a  high 
protein  content,  makes  it  an  ideal  food  for  young  pigs  and 
every  effort  should  be  made  to  see  that  newly  born  pigs  re¬ 
ceive  this  nutriment  shortly  after  birth. 

Part  III.  Animal  Protein  Factor  Supplementation  of  Swine  Rations. 

The  effect  of  two  animal  protein  factor  supplements  on 
rate  of  gain,  feed  efficiency,  hemoglobin  levels  and  carcass 
quality  was  determined  by  adding  these  supplements  to  two 
swine  rations,  one  containing  mixed  animal -vegetable  protein, 
the  other  containing  protein  entirely  of  vegetable  origin. 

APF  #1  contained  vitamin  B^2  but  no  antibiotic  while  APF  #2 
supplement  contained  vitamin  and  aureomycln. 

For  the  overall  period  APF  #1  produced  slight,  but  not 
significant  increases  in  feed  efficiency.  APF  #2  produced 
highly  significant  increases  in  daily  gain  on  both  types  of 
rations.  Feed  efficiency  was  also  Increased  as  compared  to 
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the  control  groups.  Advanced  Registry  carcass  scores  were 
5  to  6  percent  lower  for  pigs  that  were  fed  APP  #1  and  10  to 
16  percent  lower  for  pigs  that  were  fed  APP1  #2.  No  effect  on 
hemoglobin  level  was  found  to  occur  by  feeding  either  APP 
supplement • 

In  two  experiments  using  unthrifty  weanling  pigs,  it 
was  found  that  APP  #2  increased  average  daily  gains  by  50  to 
86  percent  over  the  controls  and  increased  feed  efficiency. 

When  APP  #2  was  fed  to  pigs  on  pasture  and  receiving  a 
high  fiber  diet  no  differences  in  average  daily  gain  or  feed 
efficiency  were  shown.  A  slight  deterioriation  in  carcass 
quality  was  noted, Advanced  Registry  scores  being  10  percent 
lower  for  the  APP  #2  fed  lot. 

Part  IV.  The  Effect  of  Hematopoietic  Compounds  on  Hemoglobin 
Level  and  Growth  Rate  of  Suckling  Pigs. 

A  series  of  three  experiments  was  run  to  determine  the 
effect  of  treating  suckling  pigs,  receiving  iron  at  the  usual 
rate,  with  vitamin  B-j^>  APF#1,  APF  #2  and  vitamin  C  to  deter¬ 
mine  possible  effects  on  hemoglobin  levels  and  rate  of  gain. 
Results  obtained  indicate  that  the  Injection  of  pure  vitamin  B-^ 
caused  an  increase  In  growth  rate.  The  effects  on  growth  and 
hemoglobin  level  of  the  other  compounds  were  not  pronounced. 


.  incur  Xqq  .  b 
* 

■ 

' 

- 

. 


ACKNOWLEDGEMENTS 


I  am  particularly  indebted  to  Dr,  L,  W.  McElroy, 
Professor  of  Animal  Husbandry,  and  to  Dr.  J.  P.  Rowland, 
Assistant  Professor  of  Animal  Husbandry,  who  initiated  parts 
of  the  studies  reported  herein*  I  am  indebted  to  Dr.  J.  P* 
Rowland  also  for  his  helpful  criticisms  and  suggestions  with 
regards  to  carrying  out  the  research  and  in  the  preparation 
of  this  manuscript.  Thanks  are  also  extended  to  the  late 
Dr.  R.  D.  Sinclair,  Chairman  of  the  Department  of  Animal 
Science,  for  the  use  of  the  facilities  of  the  Department* 

The  very  valuable  advice  and  assistance  provided  by  Dr* 

D.  R.  Clandinin,  Associate  Professor  of  Poultry  Husbandry, 
and  of  Miss  Ruth  Renner,  concerning  microbiological  assays 
is  gratefully  acknowledged* 

I  am  also  indebted  to  Mr.  Jack  Francis,  swine  herdsman 
at  the  University  Livestock  Farm,  who  cared  for  the  experi¬ 
mental  animals* 

Financial  assistance  received  from  the  National 
Research  Council  of  Canada  and  from  the  Robert  Tegler 
Scholarship  Fund  is  gratefully  acknowledged* 


,  ... 

t  c  .  .  1.  irnc.c'.  C‘ 

. 

. 

. 

.  t 

'  . 

,  , 

*  •  ‘ 

. 

. 

. 


TABLE  OF  CONTENTS 


Pag© 


Part  I;  Vitamins  A  and  C  Studies  of  Sows*  Blood  and  Milk 
and  the  Blood  of  their  Young J 


Introduction  . . 1 

Review  of  Literature . . .  •  •  • . . .  2 

Experimental  •  • . .  . . .............. . * .  6 

Results  . . .  9 

Discussion  ... . 13 

Summary . 23 

References  . 2l\. 


Part  II:  The  Amino  Acid  Composition  of  Sows'  Colostrum  and  Milk: 


Introduction  ....«•• . 26 

Review  of  Literature . . . . .  27 

Experimental  . « . . . •  32 

Results  . . . . . . . .  34 

Discussion  . . 33 

Summary  . . . . . . . .  Ip3 

References  . Iplp 


Part  III;  Animal  Protein  Factor  Supplementation  of  Swine  Rations: 


Introduction  . . . .  46 

Review  of  Literature  . . . . .  4® 

Experimental : 


Experiment  A  -  Effect  of  Feeding  APF  to  Growing- 

Fattening  Pigs: 


Results  . . .  75 

Discussion .  36 


. . 

. . .  J 

. . . .  .  •  •  i  *>qr£ 

. . . 

. .  .  l 

. .  . . . . 

.  ......  .... 


. 

-  .  .  -  . .  . 

. . 

. .  ..  i 


. . . 


. 


Pag© 


Experiment  B  -  The  Effect  of  Feeding  a  Vitamin  B^- 

Aureomycln  Concentrate  (APF  #2) 
to  Unthrifty  Pigs: 

Trial  1  -  Plan  of  Experiment  .  89 

Results  . 90 

Trial  2  -  Plan  of  Experiment .  93 

Results  . . 93 

Discussion . . . .  95 

Experiment  C  -  APF  Supplementation  of  a  High  Fiber 

Ration  for  Fattening  Pigs  on  Pasture: 

Plan  of  Experiment  ...............  96 

Results  . 97 

Discussion  . . 101 

Summary  ••••*.. . . . .  102 

References  . 103 

Part  IV:  The  Effect  of  Hematopoietic  Compounds  on  Hemoglobin 
Levels  and  Growth  Rate  of  Suckling  Pigs: 

Introduction . 110 

Experimental: 

Trial  1  ~  Plan  of  Experiment  . . .  112 

Results  . . . * .  113 

Trial  2  -  Plan  of  Experiment  .  117 

Results  . . 117 

Trial  3  -  Plan  of  Experiment  . 121 

Results  . 121 

Discussion  and  Summary . 12lp 

Rof erences  . 126 


Appendix 


i-xii 


.... 

.  . 


- 

. 


• 

PART  I 


VITAMINS  A  AND  C  STUDIES  OP  SOWS*  BLOOD  AND  MILK 
AND  THE  BLOOD  OP  THEIR  YOUNG 


INTRODUCTION 

In  the  nutrition  of  swine  it  has  long  been  realized 
that  the  pig  requires  some  source  of  vitamin  A  in  its  ration 
if  it  is  to  grow  at  an  optimum  rate  and  reproduce  normally* 
Because  vitamin  A  plays  such  an  important  role  in  swine 
nutrition,  it  was  deemed  of  interest  to  determine  the  levels 
of  this  vitamin  in  the  blood  and  milk  of  the  sow  and  in  the 
blood  of  her  young*  It  was  also  considered  important  to  deter¬ 
mine  the  relationship  which  these  biological  substances  bore 
to  each  other  with  respect  to  vitamin  A  content* 

While  the  pig  does  not  require  a  dietary  source  of 
vitamin  C,  the  level  of  vitamin  C  in  the  blood  and  milk  is  of 
interest,  particularly  its  relationship  to  the  vitamin  A  level 
in  these  fluids* 

Moderately  comprehensive  studies  of  sows*  milk  have 
been  conducted  by  at  least  two  groups  of  workers  while  vitamins 
A  and  C  studies  of  the  blood  of  suckling  and  growing  pigs 
have  been  performed  by  several  research  groups  in  the  United 
States,  but  no  complete  study  of  the  picture  through  gestation 
and  lactation  has  been  made.  It  was  also  thought  that  the 
Yorkshire  breed,  raised  under  Alberta  conditions,  might  present 
a  different  blood  and  milk  picture  from  that  obtained  in  studies 
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REVIEW  Of  L ITEihiTURE 

Very  little  information  concerning  the  relative  vita¬ 
mins  a  and  G  content  of  sows’  blood  and  milk  is  to  be  found 
in  the  literature*  However,  an  experiment,  similar  to  the 
one  to  be  reported  here,  was  carried  out  by  Weir  et  al.  (22) 
using  sheep*  Since  the  general  principles  involved  are  prob¬ 
ably  similar,  their  work  will  be  reviewed  here  for  comparative 
purposes . 

These  workers  found  blood  plasma  vitamin  a  levels  of 
the  ewes  and  their  lambs  receiving  an  alfalfa  hay  ration  were 
consistently  higher  than  the  plasma  vitamin  A  levels  of  the 
ewes  and  lambs  receiving  a  straw  ration  with  or  without  the 
addition  of  25,000  I.U*  of  vitamin  a  weekly*  In  this  connec¬ 
tion  they  found  that  the  addition  of  25,000  I.U.  of  vitamin  A 
weekly  to  the  straw  ration  was  not  reflected  in  the  body  weight 
of  the  ewes,  the  growth  of  the  lambs  or  the  blood  plasma 
vitamin  A  levels  of  either  the  ewes  or  their  lambs.  The  in¬ 
creased  vitamin  A  intake  was  reflected  in  the  vitamin  A  content 
of  the  later  milk  and  in  the  vitamin  A  liver  stores  of  both 
the  ewes  and  their  lambs. 

Considerable  individual  variation  was  found  in  the  blood 
plasma  ascorbic  acid  values.  The  mean  plasma  ascorbic  acid 
values  for  the  ewes  were  generally  lower  for  the  "straw1'  and 
"straw  plus  vitamin  a"  ewes  than  for  the  "hay"  ewes.  While  the 
effect  of  the  ration  on  the  lamb  blood  plasma  vitamin  C  was 
not  consistent,  the  lambs  from  the  straw  lot  were  generally 
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low  in  this  respect* 

Small  numbers  and  large  individual  variation  limited 
the  significance  of  the  milk  ascorbic  acid  values*  Average 
values  for  the  colostrum  and  early  milk  from  the "ha/  ewes 
were  higher  than  those  from  the  "straw"1  ewes.  The  colostrum 
from  the  "straw  plus  vitamin  A"  ew'es  contained  an  intermedi¬ 
ate  level  of  ascorbic  acid,  and  their  later  milk  contained 
the  highest  amounts  of  any  group* 

The  growth  rates  of  the  single  lambs  from  the  "hay"  and 
"straw"  lots  were  quite  similar*  The  growth  rate  of  the  single 
lambs  from  the  "straw  plus  vitamin  A"  lot  was  somewhat  slower. 
Twin  lambs  from  the  "hay"  lot  grew  markedly  better  than  did 
the  twin  lambs  from  the  "straw  plus  vitamin  A"  groups. 

Mayer  and  Krehl  (17)  working  with  rats  found  an  inter¬ 
esting  relationship  between  vitamins  A  and  C.  They  found  that 
one  of  the  first  symptoms  of  vitamin  A  deficiency  was  a  de¬ 
pletion  of  the  animal's  vitamin  C  reserves  as  indicated  by 
symptoms  resembling  scurvy,  as  well  as  by  decreases  in  the 
ascorbic  acid  content  of  the  liver,  blood  and  adrenals.  These 
symptoms  were  curable  by  dietary  ascorbic  acid. 

Using  human  subjects  Hoetzler  (ll)  presents  evidence 
to  indicate  that  vitamin  ^  levels  in  the  blood  do  not  necessar¬ 
ily  relate  to  the  animal's  vitamin  A  reserves*  He  found  the 
level  of  carotene  in  the  plasma  dropped  rapidly  each  time  a 
vitamin  A-low  diet  was  fed.  The  vitamin  -a  levels,  on  tho  other 
hand,  did  not  show  any  significant  change  for  lij.0  days,  then 
dropped  very  gradually  over  a  long  period  of  time  and  finally 
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made  a  rather  abrupt  drop.  Indicating  the  end  of  the  depletion 

period* 

Frey  and  Jensen  (9)  working  with  cattle,  studied 
depletion  of  liver  reserves  of  vitamin  A  and  carotene.  They 
found  no  symptoms  of  avitaminosis  A  throughout  the  experimental 
period,  indicating  the  possibility  of  extremely  low  levels  of 
vitamin  A  in  the  blood  of  cattle  without  producing  symptoms  of 
avitaminosis  A.  Hepatic  reserves  of  vitamin  A  were  found  to 
be  more  readily  depleted  than  were  hepatic  reserves  of  carotene. 

Two  reports  dealing  with  the  vitamin  A  level  of  sows’ 
milk  have  appeared  in  recent  years.  Braude  et  al.  (5)  in 
England  reported  the  composition  of  milk  from  nine  Large  White 
sows.  Their  mean  values  for  colostrum  were  3 0.6  £  2.0  mg  • 
of  ascorbic  acid  per  100  ml  .,  and  71*1  £  9*1  I*U.  of  vitamin 
A  per  gram  of  fat.  For  milx  they  reported  moan  values  of 
13*0  £  0.3  mg  •  of  ascorbic  acid  per  100  ml  •  and  11.0  £  O.lf 
I.U.  of  vitamin  A  per  gram  of  fat.  Another  group  of  workers, 
Braude  et_  al.  (ip)  reported  on  18  samples  of  sows'  colostrum 
in  xHiich  they  obtained  mean  values  of  23.8  mg.  per  100  ml. 
for  vitamin  C  and  34-7  I#U.  per  100  ml.  for  vitamin  A  (1  I.U. 

=  0.25  megs,  of  vitamin  A). 

Boxjland  £t  al.  (l)  determined  the  vitamins  A  and  C 
content  of  sows’  colostrum  and  milk  for  20  sox;s  (Poland  China 
and  Chester  White),  10  on  dry-lot  and  10  on  pasture.  The 
mean  values  for  vitamin  A  were:  first  and  third  day  colostrum 
from  pasture  sows  1)4.3 .6  mcgs./lOO  ml.,  from  dry-lot  sows 
132.9  rrcgs./l00  ml.  Normal  milk  from  pasture  sows  was  found 
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to  contain  52*7  mcgs./lOO  ml,  and  from  dry-lot  sows,  34* 8 
megs,  of  vitamin  A/lQO  ml  •  of  milk*  The  mean  values  for 
vitamin  C  were:  first  day  colostrum  from  pasture  sows  18#8 
mg  #/l00  ml*,  from  dry-lot  sows  2l|.*6  rag./lOO  ml*  %  normal 
milk  from  pasture  sows  lO.l^  mg  ./lOO  ml#,  and  from  dry-lot 
sows  12.2  mg  #/l00  ml#  of  milk# 

Grummer  jet  al.  (10)  carried  out  a  study  on  vitamins  A 
and  G  levels  of  sows’  blood  and  the  blood  of  suckling  pigs# 
Sows  were  from  the  Poland  China,  Chester  White  and  Yorkshire 
breeds  and  received  adequate  carotene  in  their  rations.  They 
found  the  average  vitamin  C  level  of  newborn  pigs  to  be 
•  9&  mg  #/l00  ml  •  of  plasma.  Immediately  after  birth  the 
vitamin  C  rose  sharply  and  reached  a  maximum  when  the  pigs 
were  about  36  hours  of  age.  The  high  average  of  1.52  mg  .  at 
36  hours  declined  gradually  and  become  constant  at  approxim¬ 
ately  .8  mg.  •  by  the  second  week.  After  weaning  (9  weeks) 
the  values  were  cut  In  half,  remaining  between  •!{-  and  .5  • 

until  the  pigs  were  five  months  of  age.  The  average  vitamin 
C  blood  levels  of  sows  before  and  after  farrowing  were  found 
to  be  .36  and  .27  mg  ./lOO  ml.  respectively.  They  found 
vitamin  C  levels  to  range  between  .19  and  2#5lf  mg  #/l00  ml  • 
of  blood# 

The  behavior  of  vitamin  A  was  somewhat  different  from 
that  of  vitamin  C.  Pigs  bled  before  nursing  had  levels  of 
only  10  mcgs./l00  ml  •  of  plasma.  After  ingesting  colostrum 
the  levels  rose  to  34-  megs./l00  ml  ..  during  the  first  wee1:. 
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There  was  a  gradual  decrease  through  the  sixth  and  seventh 
weeks*  At  8  to  9  weeks  of  age  the  vitamin  A  concentration  ex¬ 
ceeded  30  megs*/ 100  ml  .  of  plasma.  After  weaning  the  vitamin 
A  level  decreased  markedly  and  fluctuated  between  10  and  20 
mcgs*/l00  ml  •  of  blood  until  the  pigs  wore  four  months  of  age* 
They  found  the  overall  range  of  this  vitamin  in  blood  to  be 
from  I4.-6O  racgs./lOO  ml  •  of  blood*  The  average  vitamin  A  blood 
levels  of  sows  before  *  nd  after  farrowing  were  found  to  be  the 
same,  -  18  mcgs/lOO  ml  •  of  blood  serum* 

EXPERIMENTAL 

Seven  purebred  Yorkshire  gilts  from  the  University 

herd  were  used  in  the  preliminary  trial*  Their  initial  weights 

ranged  between  175  and  263  pounds*  In  the  initial  period  all 

sows  were  treated  alike  and  were  managed  according  to  normal 

practices*  The  ration  fed  was  as  follows: 

Oats . 4.75  lb  . 

Barley . 40O  lb  . 

Supplement-*.  * .  •  •  65  lb  . 

1000  lb  7 

**  Vitamin  A  and  D  feeding  oil  was  fed  at  the 
average  rate  of  15  ml  •  par  sow  per  day. 

Blood  samples  were  obtained  from  the  anterior  vena  cava 
of  the  sows  every  third  week  beginning  five  months  before  farrow¬ 
ing  or  one  and  one-half  months  prior  to  breeding.  Blood  samples 
were  obtained  immediately  prior  to  parturition,  immediately 


■^Supplement  -  Burns  and  Co.  "Hog  Utility  Protein  and  Mineral 
Supplement '*  #3129 

■5H*c  1200  I.U.  of  vitamin  A  and  200  I.U*  of  vitamin  D  per  gram. 
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after  parturition  and  on  the  third  and  sixth  weeks  of  lacta¬ 
tion*  Colostrum  and  milk  samples  were  taken  at  the  time  of 
bleeding  the  lactating  sows*  Blood  samples  from  four  pigs  of 
each  litter  were  obtained  on  the  first,  third,  and  sixth  weeks 
following  farrowing* 

The  blood  samples  were  obtained  by  the  method  of  Carle 
and  Dewhirs t  (?)•  Small  pigs  were  restrained  manually  in  a 
dorsal  recumbent  position  and  the  samples  withdrawn  using  a 
1  l/2  inch  20  gauge  needle  and  a  $0  ml*  syringe*  Fifteen 
ml  •  of  blood  was  withdrawn.  The  sows  were  snubbed  by  means 
of  a  running  noose  and  the  30  ml*  sample  withdrawn  using  a 
2l/2  inch  20  gauge  needle  and  a  50  ml.  syringe*  To  obtain 
a  let-down  of  milk  the  sows  were  injected  intravenously  in  an 
ear  vein  with  1  ml.  of  Pitocin#.  Ely  and  Peterson  (8)  devised 
this  method  for  inducing  the  let-down  of  milk  in  the  cow  and  a 
similar  method  was  employed  by  Braude  e_fc  al.  (5)  for  induc¬ 
tion  of  milk  let-down  in  the  sow.  Immediately  following  in¬ 
jection  of  the  Pitocin,  the  milk  was  expressed  manually  from 
the  uddur  Into  bottles.  Two  or  more  teats  were  milked  out 
completely  to  obtain  a  representative  sample. 

Vitamins  A  and  C  determinations  were  made  on  milk  and 
plasma  as  follows  (see  appendix  for  details): 

Blood  -  Vitamin  A  -  Kimble  (15) 

Vitamin  C  -  Mlndlin  and  Butler  (18) 

Milk  -  Vitamin  A  -  Boyer  e_t  al.  (3) 

Vitamin  C  -  Modification  of  the  method  of 
Mlndlin  and  Butler  (18) 


■^Pitocin  was  obtained  from  Parke,  Davis  and  Co.  and  had  a 
potency  of  10  I.U.  of  the  oxytocic  principle  of  the  posterior 
pituitary  per  c.c. 
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Immediately  following  the  first  lactation  period,  six 
of  the  sows  wore  divided  into  two  groups,  one  group  being 
placed  on  pasture,  the  other  being  kept  in  dry-lot.  The  ration 

fed  was  as  follows; 


Barley  lj.0% 

Oats  50^ 

Supplement  10% 


Meat  scrap 
Linseed  oil  meal 
Soybean  oil  meal 
Salt 

Limestone 


Dry  Dee  i-ms  added  at  the  rate  of  1  oz.  per  ton  of 
ration  (1  oz.  Dry  Dee  contained  330,000  I.U.  of  vitamin  D)* 

The  group  of  sows  on  pasture  received  feeding  oil  (1200A-200D) 
at  the  regular  levels. 

The  bleeding  and  milking  schedule  was  similar  to  that 
of  the  previous  period  with  the  exception  that  the  sows  were 
milked  on  the  third  day  following  lactation  in  addition  to 
the  previous  schedule.  The  young  pigs  were  also  bled  at  10 
weeks  of  age  to  determine  vitamin  A  ahd  C  levels  following 
weaning  and  placement  on  normal  rations. 
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RESULTS 

Preliminary  Period 

During  the  initial  period  the  vitamin  A  levels  of  the 
blood  plasma  of  the  sows  before  farrowing  averaged  28  micro¬ 
grams  per  100  ml.  of  plasma,  with  a  tendency  to  drop  as  the 
lactation  period  drew  near.  On  farrowing  the  vitamin  A  level 
of  the  plasma  dripped,  but  rose  steadily  to  the  pre-f arrowing 
average  by  the  end  of  the  sixth  week.  As  can  be  seen  in  Table 
I  and  Figure  1,  colostrum  was  very  high  in  vitamin  A  content. 
Vitamin  A  levels  fell  gradually  to  a  steady  level  by  the  third 
week.  The  plasma  of  the  litters  remained  fairly  constant  at  a 
vitamin  A  level  around  50  percent  higher  than  that  of  their 
dams*  blood  plasma 

The  vitamin  C  levels  of  sows’  plasma  averaged  0.49  mgs. 

per  100  ml.  plasma  and  fluctuated  during  the  lactation  period 

\ 

at  a  level  generally  lower  than  the  pre-f arrowing  average. 

The  vitamin  C  content  of  the  colostrum  rose  to  around  55  mgs. 
per  100  ml.  of  milk  by  the  first  week  but  declined  steadily 
for  the  remainder  of  the  lactation  period.  Plasma  vitamin  C 
levels  of  the  litters  declined  steadily  as  the  lactation  period 
progressed . 

Six  litters  were  used  in  the  first  part  of  this  experi¬ 
ment.  These  44  pigs  weighed  2.9  pounds  on  the  average  at  four 
days  of  age.  Forty  of  these  pigs  were  weaned  at  8  weeks  of  age, 
averaging  21.7  pounds  in  weight. 
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Experimental  Period 

Plasma  levels  of  vitamin  A, as  seen  in  Table  I  and 
Figures  1,  2  , dropped  in  both  pasture  and  dry-lot  sows, 

the  greatest  drop  occurring  in  the  dry-lot  group*  Levels  of 
vitamin  A  were  consistently  higher  in  the  pasture  group* 

On  farrowing  plasma  levels  rose  in  the  dry-lot  group 
and  fell  in  the  pasture  group.  However,  from  the  first  week 
to  the  sixth  week,  vitamin  A  levels  held  fairly  constant  in 

i 

the  pasture  group,  being  comparable  to  pre-f arrowing  averages. 

In  the  dry-lot  group  , however,  there  was  a  rapid  drop  in  plasma 
vitamin  A  levels  to  the  low  pre-f arrowing  level. 

Colostrum  and  milk  of  the  pasture  sows  contained  more 
vitamin  A  than  did  the  corresponding  fluids  in  the  dry-lot 
sows,  except  for  three  day  milk. 

Vitamin  A  levels  of  the  litters*  blood  plasma  were  lower 
in  the  dry-lot  group  than  In  the  pasture  group  and  fell  con¬ 
sistently  to  a  very  low  level  by  the  end  of  the  eight  week  period 
Vitamin  A  levels  in  the  plasma  of  the  pasture  litters  showed  a 
slight  drop,  but  remained  constant  between  the  third  and  sixth 
week,  rising  slightly  after  weaning. 

The  trends  in  vitamin  C  levels  can  be  seen  In  Tables 
I  and  II  and  Figures  1  and  2a.  In  general  few  definite 
relationships  can  be  seen  between  pasture  and  dry-lot  groups. 
Blood  plasma  levels  of  vitamin  C  appear,  on  the  average,  to  be 
higher  In  the  pasture  sows  and  libtera  while, for  the  greater 
I>art  of  the  lactation  period,  the  milk  of  the  dry-lot  sows  was 
higher  in  vitamin  0  than  that  of  the  pasture  sows.  The  relation- 
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ship  between  vitamin  C  in  the  milk  and  in  the  blood  plasma  of 
the  young  pigs  was  fairly  consistent,  A  general  drop  in  the 
vitamin  C  content  of  the  milk  over  the  lactation  period  was 
reflected  in  a  similar  decline  in  vitamin  C  content  of  the 
blood  plasma  of  the  litters  of  both  groups, 

Growth  data  revealed  the  fact  that  pigs  living  from 
the  dry-lot  sows  were  heavier  in  weight  than  their  counterparts 
in  the  pasture  groups.  Two  expla  nations  are  possible.  On©  is 
that  there  were  fewer  pigs  per  litter*  in  the  dry-lot  group  with 
the  result  that  they  may  mave  received  more  milk  than  those  pigs 
from  the  pasture  fed  sows.  Another  practical  explanation  may  lie 
in  the  fact  that  the  milk  from  the  dry-lot  sows  averaged  1  percent 
higher  in  protein  than  the  milk  from  the  pasture  sows.  In  this  ex¬ 
periment  nothing  was  known  about  the  protein  content  of  the  sows5 
milk  before  going  into  the  experimental  periodf  but  Howland  jst  al » 
(2)  found  that  milk  from  flry-lot  sows  was  higher  in  protein  content 
than  milk  from  pasture  sows.  Another  unknown  factor.  Influencing 
the  growth  of  the  litters,  was  the  amounts  of  milk  produced  by 
these  two  groups  of  sows. 

Despite  the  lower  content  of  vitamin  A  in  the  plasma  of 
the  dry-lot  sows,  there  was  only  one  litter  which  was  small  (4  pigs), 
These  pigs  showed  no  external  deficiency  symptoms  apart  from  a 
coarse  hair  coat  and  rough  skin  up  until  the  time  of  weaning. 

Vision  was  apparently  not  Impaired,  despite  the  fact  that  no 
vitamin  A  could  be  detected  in  the  blood  of  three 

♦Sizes  of  dry-lot  litters  were  4,  9  and  9.  One  litter  of  nine 
was  accidentally  smothered.  Pigs  in  pasture  litters  numbered 
9,  9  and  11. 
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of  these  pigs  by  the  sixth  week*  However,  by  the  tenth  week 
all  these  four  were  dead.  The  remaining  dry-lot  litter  did 
comparatively  well,  averaging  29*6  pounds  at  10  weeks  of  age 
as  compared  to  29*4-  for  the  pigs  remaining  from  the  pasture 
lot.  Generally  speaking  mortality  was  high  in  both  groups 
Wi ich  may  be  partially  ,  although  not  entirely,  explained  due 
to  excessive  handling  and  bleeding. 
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Figure  1.  Vitamins  A  and  C  Levels  in  Plasma  and  Milk  in  the  Preliminary  Period  of  Part 
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VITAMIN  C  in  Milligrams  per  lOOc.c.  Plasma  or  MILK 
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WEEKS  AFTER  FARROWING. 


TABLE  I 

Levels  of  Vitamins  A  and  C  in  Sows1  Blood  Plasma 


A*  Control 

Period 

Time 

No. 

Sampled 

Sampled 

Vitamin  A 

Vitamin  C 

(megs./ 

(mgs./ 

100  c.c.) 

100  c.c.) 

Nov.  23 

7 

37.3 

.39 

Dec.  l6 

7 

33.7 

.46 

Jan.  Ij. 

7 

43.2 

•  56 

Jan.  30 

7 

29.8 

.L6 

Feb.  15 

7 

31.7 

Mar  •  8 

7 

23.9 

.50 

Mar  •  29 

7 

25.7 

49 

Apr.  5 

3 

6.2 

.50 

Apr •  21 

1 

31.7 

.58 

Prior  to 

farrowing 

7 

18.2 

00 

-d* 

. 

Post- 

farrowing: 

1  day 

5 

19.7 

.41 

1  week 

5 

21.7 

.27 

3  weeks 

5 

27.8 

.56 

0  weeks 

5 

29.3 

.18 

B.  Test  Period 

No.  sampled 

Time  * 

Drv-  Past-  Dry-lot 

Pasture 

Sampled 

lot  ure  Vitamin 

A  Vitamin  C 

Vitamin  A 

Vitamin  C 

(megs./ 

(mgs./ 

(megs./ 

(mgs./ 

100  c.c 

• )  100  c.c.) 

100  c.c.) 

100  c.c.) 

June 

3  3 

34.2 

•  56 

51.3 

1.03 

July 

3  3 

22.9 

.30 

24.2 

.23 

August 

3  3 

11.5 

.35 

22.1 

.50 

Sept. 

3  3 

6.6 

.08 

18.3 

..37 

Prior  to 

farrowing 

3  3 

6.4 

.35 

224 

.64 

Post- 

farrowing: 

1  day 

3  3 

18.9 

.22 

6.3 

.32 

1  week 

3  3 

224 

.11 

284 

.34 

3  woeks 

3  3 

13.1 

.50 

25.3 

.21 

6  woeks 

3  3 

7.6 

.13 

25.0 

.23 

♦Specific  dates  are  not  given, since  they  varied  for  each  sow  because 
of  differences  in  time  of  farrowing. 
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TABLE  II 

Vitamins  A  and  C  Levels  in  the  Blood  Plasma  and  Milk  of  Sows 
_ and  in  the  Blood  Plasma  of  Their  Litters _ 


Stage 

in  Lactation 

A.  Preliminary  Period 

1  day  3  days 

1  ik. 

3  wk. 

6  wk. 

1.  Vitamin  A* 

Sows’  Plasma 

19.7 

21.7 

27.8 

29.3 

Sows*  Milk*  *  * 

166.1 

35.8 

22.2 

23.0 

Litters*  Plasma 

35.2 

41.0 

39.8 

2.  Vitamin  C** 

Sows  *  Plasma 

.41 

.27 

•  56 

.18 

Sows  *  Milk 

22.1 

34.2 

23.0 

11.5 

Litters*  Plasma 

.89 

.68 

.61 

B.  Experimental  Period 

1.  Vitamin  A 
Pasture: 


Sows  *  Plasma 

6.3 

28.4 

25.8 

25.0 

Sows*  Milk 

176.5 

64.® 

50.4 

50.7 

46.1 

Litters’  Plasma 

25.3 

18.1 

17.0 

25.2 

Dry-lot: 

Sows  *  Plasma 

18.5 

22.4 

13.1 

7.6 

Sows  *  Milk 

129.8 

77.5 

45.5 

25.9 

31.8 

Litters*  Plasma 

21.6 

14.7 

3.9 

7.2 

Vitamin  C 

Pasture: 

Sows  *  Plasma 

.32 

.34 

.21 

.23 

Sows*  Milk 

27.4 

17.6 

8.0 

5.5 

8.1 

Litters'  Plasma 

1.00 

.67 

.58 

.52 

Dry-lot: 

Sows '  Plasma 

.22 

.11 

•  50 

.13 

Sows’  Milk 

19.9 

13.4 

19.2 

14.1 

7.5 

Litters*  Plasma 

.78 

.74 

.57 

.42 

*  All  vitamin  A  expressed  as  micrograms  per  100  ml.  blood  plasma. 

**  All  vitamin  C  expressed  as  milligrams  per  100  ml/  blood  plasma. 

All  milk  data  expressed  on  the  basis  of  100  ml.  milk. 
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Figure  2a.  Vitamin  C  Levels  in  plasma  and  Milk 
(Part  I  ,  Experimental  Period) 
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DISCUSSION 

In  general, the  vitamin  A  levels  for  sows’  colostrum 
and  milk  reported  in  this  study  agree  fairly  well  with  the 
levels  reported  by  Braude  <et  al.(5)  and  Bowland  £t  al.  (1). 

The  vitamin  A  levels  fell  rapidly  immediately  following  farrow¬ 
ing,  reaching  a  more  or  less  constant  level  between  the  first 
and  the  third  week  for  milk  of  pasture  and  dry-lot  sows.  This 
Is  not  entirely  in  agreement  with  the  work  of  Bowland  ©t  al.(l) 
which  indicates  an  increase  in  vitamin  A  consent  on  the  third 
day  over  that  of  the  first.  However,  these  workers  state  that 
this  trend  was  not  consistent  with  all  sows,  one  half  being 
higher  and  on©  half  lower  on  the  third  day  than  on  the  first. 

The  fact  that  one  sow  In  flry-lot  had  as  much  vitamin  A  in  her 
three  day  milk  as  in  her  colostrum  accounts  for  the  fact  that , 
on  the  third  day  the  average  level  of  vitamin  A  in  the  milk  of 
the  dry-lot  sows  was  greater  than  that  found  in  the  milk  of  the 
pasture  sows. 

In  the  case  of  the  pasture  sows,  colostrum  was  36  percent 
higher  and  milk  43  percent  higher  in  vitamin  A  than  the  corres¬ 
ponding  values  for  dry-lot  sows.  Bowland  e_t  al.(l)  found  the 
colostrum  to  be  only  12  percent  higher  but  the  milk  to  be  51 
percent  higher  in  the  case  of  the  pasture  fed  sows.  This  diff¬ 
erence  Is  not  out  of  line  and  Is  probably  due  to  differences  of 
breed,  individual  variation,  feeding  practices  and  environment, 

Bowland  ejt  al.  (1)  reported  the  vitamin  A  level  to  drop 
to  the  same  range  as  found  In  normal  milk  by  the  second  week. 

Our  data,  based  on  less  frequent  assays,  show  this  to  occur 
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between  the  first  and  the  third  weeks  and  hence  do  not  disagree 
with  the  work  of  Bowland  et  al.  As  in  the  work  reported  by 
Bowland  et  al •  (1)  the  vitamin  A  in  colostrum  was  only  three 
to  four  times  as  high  as  in  normal  milk,  regardless  of  ration* 

As  they  point  out,  this  is  considerably  different  from  colostrum 
of  cattle  where  the  vitamin  A  consent  of  normal  milk  is  1/20  or 
less  of  the  initial  concentration  of  the  vitamin  in  colostrum  as 
found  by  Stewart  and  McCallum  (21) 

The  general  trend  of  the  vitamin  A  levels  of  the  colostrum 
and  milk  of  the  dry-lot  sows  was  similar  to  that  of  the  sows 
during  the  preliminary  period.  The  fact  that  vitamin  A  levels 
were  slightly  higher  in  the  dry-lot  group  may  be  accounted  for 
by  possible  differences  In  the  storage  of  the  young  sows  in 
their  first  lactation  period.  Blood  plasma  levels  of  vitamin  A, 
however,  foil  off  considerable  in  the  dry  lot  sows  indicating 
a  tendency  for  the  sow  to  keep  vitamin  A  levels  up  in  the  milk 
at  the  expense  of  her  body  reserves. 

Vitamin  C  levels  in  the  milk  agreed,  for  the  greater  part 
of  tho  lactation  period,  with  the  results  obtained  by  Bowland 
et  al.  (1)  indicating  that,  in  the  dry-lot  sows,  vitamin  C  levels 
are  higher  than  in  the  pasture  sows.  In  this  work  however,  pasture 
sow®  started  out  with  higher  vitamin  G  levels  from  the  first  to 
the  third  day  following  farrowing  and  ended  up  slightly  ahead  of 
the  dry-lot  sows  in  vitamin  C  level.  However,  from  the  third  day 
to  the  middle  of  the  fifth  week,  vitamin  C  levels  were  higher  in 
the  milk  of  the  dry-lot  sows, 

Bowland  et  al.  (1)  noted  a  tendency  for  the  vitamin  C 
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content  of  milk  from  both  groups  of  sows  to  increase  slightly 
as  the  lactation  period  drew  to  an  end.  No  similar  trend  was 
noted  in  this  work;  milk  vitamin  C  levels  of  the  dry-lot  sows 
tending  to  drop  gradually  while  that  of  the  pasture  sows  re¬ 
mained  fairly  steady  after  the  first  week. 

In  the  light  of  the  work  done  by  Mayer  and  Krehl  (17) 
using  rats,  it  is  interesting  to  postulate  a  possible  reas6n 
why,  in  the  case  of  the  pig,  vitamin  C  is  increased  in  milk  of 
the  vitamin  A  deficient  lot.  In  the  case  of  the  pig,  it  may  be 
that,  when  vitamin  A  Is  limiting,  there  is  an  impetus  to  in¬ 
creased  vitamin  C  synthesis.  The  rat  may  be  able  to  increase 
vitamin  C  synthesis  with  the  result  that  both  vitamins  become 
low.  However,  plasma  levels  of  the  sows  did  not  bear  this  same 
relationship.  It  may  thus  be  that  the  vitamin  level  of  the  milk 
is  kept  up  at  the  expense  of  blood  vitamin  C,  this  being  nature's 
way  of  compensating  for  a  low  vitamin  A  level  in  milk. 

The  vitamin  C  content  as  determined  in  sows'  colostrum 
and  normal  milk  is  very  high  compared  to  other  species  of  farm 
livestock.  A  table,  comparing  species  with  respect  to  vitamin 
0  levels  and  comparing  the  results  of  workers  who  have  deter¬ 
mined  vitamin  C  in  sows'  milk,  follows: 
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Animal 

Vitamin  C  level 
(mgs*/100  ml  7J 

Reference 

Mare 

11.8 

Pearson  (19) 

Cow 

it 

2.18  -  2.69 
1.74  -  2.15 

Holmes  et  al.  (13) 
Hibbs  and  Kraus s  (12 

Ewe 

.38  -  1.77 

Satterfield  et  al.  ( 

Guinea  pig 

29.0 

Houston  and  Kon  fl4) 

Sows * 

colostrum 

23.8  -  30.6 

Braude  et  al.  (4,  5) 

tt 

ii 

18.3  -  24.6 

Bowl and  et  al.  (l) 

It 

ft 

19.9  -  27.4 

Author* s  data 

Sows  * 

milk 

13.0 

Braude  et  al.  (  4,5) 

n 

it 

10.4  -  12.2 

Bowland  et  al  (1) 

ft 

ft 

9.8  -  13.6 

Author *s  data 

The  vitamin  C  trends  and  levels  in  the  plasma  of  the 
young  pigs  and  sows  agree  fairly  well  with  the  data  of  Grummer 
et  al.  (10)  who  found  the  vitamin  C  level  if  the  plasma  higher 
in  the  newborn  pig  than  it  was  in  the  sows  at  parturition* 

To  them,  this  suggested  a  high  placsntdl  transmission  of  vit¬ 
amin  C  and  accumulation  of  vitamin  G  in  the  fetus*  ^hey  also 
suggested  the  possibility  that  the  fetus  is  capable  of  synth¬ 
esizing  Its  own  vitamin  C*  However,  work  by  ^raude  et  al#  (6) 
shows  that  the  piglet  can  synthesize  very  little  vitamin  G 
until  it  is  a  week  old.  It  may  be  therefore  that  the  blood 
is  high  in  vit  .min  C  because  of  the  high  vitamin  C  content 
of  the  colostrum* 

Milk  levels  of  vitamin  C  seem  to  be  related  to  vitamin 
C  levels  of  the  pigs*  plasma,  except  for  one  period  in  the  case 
of  the  suckling  pigs  on  pasture*  Generally  speaking,  milk 
levels  of  vitamin  C  during  the  lactation  period  in  all  three 
groups  of  sows  studied  dropped  as  lactation  progressed.  In 
all  cases  average  vitamin  C  levels  of  the  young  pigs*  blood 
plasma  declined  throughout  the  suckling  period*  This  is  in 
agreement  (over) 
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with  the  work  reported  by  Grummer  ot  al  (10),  The  drop  in 
vitamin  C  content  of  the  pigs'  blood  plasma  after  weaning 

suggests  that  milk  is  a  potent  factor  in  determining  the  plasma 

... 

concentration  of  this  vitamin. 

In  contrast  to  the  vitamin  A  picture  in  young  pigs' 
blood  presented  by  Grummer  at  al  (10)  It  was  found,  in  the 
preliminary  period,  that  the  vitamin  A  level  remained  fairly 
constant  from  the  first  to  the  sixth  week  near  the  high  level 
(  35  micrograms/  100  ml,)  found  by  these  workers  to  occur  at 
one  week's  time.  However  in  the  second  (  experimental)  period 
the  blood  plasma  levels  of  vitamin  A  of  the  pigs  in  the  past¬ 
ure  group  did  show  a  trend  similar  to  that  found  by  Grummer 
at  al.(10).  The  dry-lot  group  showed  a  sharp  decline  over  the 
lactation  period. 

Both  vitamins  C  and  A  varied  considerably  among 
pigs  and  even  in  the  same  pig  over  a  short  period,  Ho  distinct, 


overall  relationship  between  vitamins  A  and  C  could  be  est¬ 
ablished,  In  contrast  to  the  work  of  Grummer  at  al.(10)  we 
found  carotene  In  pigs'  blood  in  varying  amounts.  At  first 
believing  it  to  be  a  defect  of  our  method  we  used  an  adsorp¬ 
tion  column  of  Hyflo  Supercel  and  still  obtained  a  comparable 
carotene  value  for  the  pigments  passing  through  the  column. 

This  would  suggest  that  the  Yorkshire  pig,  under  our  conditions 
is  not  so  efficient  a  converter  of  carotene  into  vitamin  A 
as  were  the  pigs  used  by  Grummer  ej;  al.(10) 

The  fact  that  nothing  Is  known  about  the  amount  of  milk 
produced  by  the  sows  in  this  experiment, or  of  their  stores  of 
vitamin  A,  raises  some  Important  questions,  and  may  in  part 
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answer  some  of  the  questions  arising  as  to  the  survival  of  one 
good  dry-lot  litter,  for  example*  While  it  is  reasonable  to 
assume  that  sows  deficient  in  vitamin  A  would  tend  to  produce 
less  milk,  it  is  not  known  whether  such  Is  the  cas9*  Further 
study  on  this  aspect  Is  of  value  before  too  much  can  be  said 
about  the  effects  of  milk  levels  of  this  vitamin  on  the  growth  of 
the  young  pigs  receiving  such  milk* 

SUMMARY 

An  experiment  was  carried  out  to  study  (1)  the  general 
levels  of  vitamins  A  and  C  in  sows*  blood  plasma  and  milk  and 
the  blood  plasma  of  their  litters,  and  (2)  the  effect  on  levels 
of  these  vitamins  when  the  one  lot  of  sows  received  pasture  and 
vitamin  A  feeding  oil,  while  the  other  remained  in  dry-lot* 

It  was  demonstrated  that  vitamin  A  levels  of  sows*  blood 
plasma  and  milk  and  the  blood  plasma  of  their  young  pigs  was  lower¬ 
ed  due  to  dry-lot  conditions*  Vitamin  C  levels  of  sows*  milk  and  of 
the  blood  plasma  of  their  litters  showed  similar  trends  but  no 
consistent  differences  between  dry-lot  and  pasture  pigs  were  noted* 
Considerable  variation  among  pigs  and  in  the  same  pig  over  short 
periods  of  time,  in  vitamins  A  and  C  levels,  was  noticeable. 

While  several  pigs  in  the  dry-lot  group  became  practically 
depleted  of  plasma  vitamin  A,  no  other  deficiency  symptoms  were 
observed  over  this  short  period*  The  fact  that  few  of  these 
vitamin  A  deficient  pigs  survived  long  after  weaning  farther 
supports  the  importance  of  feeding  some  source  of  vitamin  A  to 
breeding  animals. 

The  findings  of  this  study  indicate  that  no  lar^e  differences 
due  to  breed  or  environment  occur  in  vitamins  A  and  C  levels  of  the 
blood  plasma  and  milk  of  swine*  apart  from  the  influence  of  pasture. 
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PART  II 

THE  AMINO  ACID  COMPOSITION 
OF  SOWS*  COLOSTRUM  AND  MILK 


INTRODUCTION 

In  mammalian  life,  the  mother  supplies  the  fetus  and 
the  newborn  offspring  x*ith  all  of  the  substances  necessary  for 
growth#  However,  in  addition  to  providing  the  usual  factors, 
the  offspring  is  given  the  antibodies  necessary  to  resist  in¬ 
fectious  diseases.  It  is  known  that  antibodies  may  be  trans¬ 
mitted  through  the  colostrum  or  first  milk,  passively  immuniz¬ 
ing  the  offspring  by  means  of  immune  bodies  which  are  ingested 
by  mouth  and  then  pass  from  the  digestive  tract  to  the  blood 
stream.  In  some  species  immune  bodies  also  may  be  transmitted 
through  the  placenta  directly  from  the  blood  str.eam  of  the 
mother  to  the  circulation  of  the  fetus.  In  swine  appreciable 
placental  transmission  does  not  occur,  and  the  colostrum  is  the 
main  source  of  antibodies  for  the  new  born  animal# 

The  protein  synthesis  of  the  mammary  gland  is  interesting. 
The  gland  makes  special  proteins,  such  as  casein  and  beta  lacto- 
globulin,  which  are  not  found  elsewhere  in  the  body;  and  even 
gives  its  own  characteristic  label  to  the  immune  bodies  which 
must  be  drawn  from  the  blood  stream. 

In  addition  to  its  immunological  properties  colostrum 
Is  known  to  be  higher  in  certain  vitamins  than  Is  milk.  The 
protein  content  of  colostrum  Is  greater  than  that  of  the  milk 
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and  the  protein  distribution  is  also  different  to  that  of  milk* 
In  order  to  determine  whether  the  beneficial  effect 
of  the  colostrum  on  the  young  was  in  any  way  associated  with 
high  levels  of  one  or  more  of  the  essential*  amino  acids.  It 
was  decided  to  determine  the  essential  amino  acid  content  of 
sows’  colostrum  and  milk*  It  was  also  deemed  of  interest  to 
study  the  variation  in  level  of  the  various  amino  acids  through¬ 
out  the  lactation  period*  With  increasing  interest  in  the 
development  of  synthetic  rations  for  raising  young  pigs  the 
information  obtained  in  this  study  may  find  practical  applica¬ 
tion* 


REVIEW  OF  LITERATURE 

At  the  time  of  writing  no  reports  are  to  be  found  in 
the  literature  dealing  with  the  amino  acid  composition  of  sows’ 
colostrum  and  milk*  The  milk  of  the  cow  and  of  the  ewe  have 
been  analysed  for  amino  acid  content  and  a  brief  review  of  the 
results  obtained  is  ftere  presented  for  comparative  purposes* 

To  add  to  the  picture  some  work  on  the  amino  acid  composition 
of  human  colostrum  and  milk  is  presented* 

Miller  <et  al_.  (11)  used  microbiological  methods  to 
determine  the  amino  acid  composition  of  human  colostrum*  They 
reported  mean  values  per  100  ml  •  of  secretion  (between  I4.  and 
10  days  postpartum)  to  be  as  follows:  leucine  l£5  mg*,  iso- 
leucino  9 8  mg*,  valine  108  mg.,  histidine  39  mg**  lysine  ll+4 
mg.,  methionine  2J4.  mg*,  phenylalanine  65  mg*,  arginine  67  mg.. 


*  i.e*  essential  for  the  rat 
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threonine  80  rag.,  and  tryptophan  30  rag.  Differences  between 
maxima  and  minima  for  the  individual  arriino  acids  varied  from 
17  rag  •  for  histidine  to  101  rag  •  for  leucine.  Samples  of 
very  early  colostrum  were  found  to  be  significantly  higher  in 
arginine  and  threonine. 

For  a  number  of  years  human  milk  was  believed  superior 
to  cows1  milk  for  the  nutrition  of  infants,  This  belief  was 
based  on  clinical  evidence.  Chemical  analysis,  however,  fails 
to  support  this  view  insofar  as  essential  amino  acid  content 
is  concerned.  Block  and  Bolling  (3)  analysed  mothers*  milk 
and  cows*  milk  for  nitrogen,  arginine,  lysine,  tyrosine,  trypto- 

l 

phan,  phenylalanine,  cystine,  methionine,  threonine,  iso leucine 
and  valine.  Pooled  samples  of  mothers*  and  cows’  milk  proteins 
differ  markedly  only  in  two  amino  acids, cystine  and  methionine. 
However  the  total  of  the  3ulfur  amino  acids  of  both  human  milk 
and  cows*  milk  protein  is  approximately  the  same. 

Beach  jet  al.  (2)  present  the  following  data  in  a  com¬ 
parison  of  cows'  milk  and  human  milk.  All  figures  are  in  mg  • 
per  100  ml  • 


Nitrogen 

Cow 

4934 

Human 

125.6 

Histidine 

59.3 

12.3 

Arginine 

127.3 

4o.o 

Lysine 

222.6 

49-7 

Tyrosine 

197.3 

49.6 

Tryptophan 

42.6 

18.7 

Oystlne 

22.8 

19.8 

Methionine 

103.7 

13.1 

Cystine  S 

6.0 

5.3 

Methionine  S 

22.3 

3.8 
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These  figures  show  in  general  a  similarity  between  the 
composition  of  the  two  milks  as  far  as  relative  proportions 
of  amino  acids  are  concerned*  However,  in  quantity  human  milk 
is  considerably  lower  in  protein  and  in  amino  acids  than  cows' 
milk* 

A  comparison  of  the  amino  acid  composition  of  the  pro¬ 
tein  of  bovine  colostrum  with  that  of  human  colostrum  (Block 
and  Mitchell  (4))  reveals  that  the  protein  in  bovine  colostrum 
Is  higher  in  threonine,  leucine,  isoleucine  and  valine*  Values 
for  these  particular  amino  acids  are  not  given  by  Beach  jjt  al. 
(2)  hence  a  comparison  of  these  data  is  impossible. 

Sarkar  at  al.  ( Xlp)  studied  the  variation  in  essential 
amino  acid  content  of  colostrum  and  milk  of  cows  with  stage  of 
lactation.  They  found  on  the  average  that  the  protein  of 
colostrum  contains  more  valine,  arginine,  threonine  and  trypto¬ 
phan  that  normal  milk  but  less  leucine,  isoleucine,  phenyl¬ 
alanine  and  methionine.  The  amounts  of  histidine  and  lysine 
appear  to  be  similar  in  both  milk  and  colostrum  proteins  as 
shown  in  the  following  tables 


Amino  Acid  Composition  of  Protein( % ) 


Amino  Acid 

1  hour 

24  hoircs 

60  days 

90  days 

Leucine 

9*71 

8.83 

10.2Q 

10.04 

Isoleucine 

5.85 

6.28 

6.96 

7.05 

Valine 

8.78 

8.30 

7.30 

,7.4s 

Phenylalanine 

4*  o3 

4-*4-9 

5.30 

4-50 

Arginine 

5.31 

5.04 

3.78 

3,97 

Histidine 

2*76 

2.87 

2.81 

3.17 

Threonine 

6.93 

5.96 

4*?6 

4.53 

Tryptophan 

l.fil 

2.29 

1.46 

1.70 

Methionine 

1.70 

1.70 

2.35 

1.80 

Lysine 

7.56 

7.15 

7.79 

6.75 

... 
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Inasmuch  as  the  globulin  content  of  colostrum  is  very 
high  In  comparison  to  that  of  milk*  a  difference  in  the  amino 
acid  composition  of  these  two  biological  materials  is  to  be 
expected. 

Smith  and  Greene  (19)  and  Smith  (20)  studing  the  composi¬ 
tion  of  immune  proteins  found  that  the  four  studied  (eulacto- 
globulin  pseudo  lactoglobulln,  T-globulin  and  gamma  globulin) 
are  all  very  high  in  leucine,  valine  and  threonine  content  as 
compared  to  their  content  of  other  amino  acids.  They  found  also 
that  the  entire  group  of  immune  proteins  Is  very  similar  in 
composition.  The  high  content  of  threonine  (7,4  to  11,1  percent) 
is  particularly  noteworthy.  The  two  sulfur  containing  amino  acids, 
cystine  and  methionine,  account  reasonably  well  for  the  sulfur 
content  of  these  proteins, 

Kuiken  and  Pearson  (10)  conducted  microbiological  assays 
on  the  milk  and  colostrum  of  cows  and  ewes.  Incidentally,  these 
workers  express  their  data  In  terms  of  amino  acid  composition 
of  the  crude  protein,  which  they  believe  provides  the  nutri¬ 
tionist  with  the  most  useful  description  of  the  relative  distri¬ 
bution  of  amino  acids  in  food  products. 

In  their  studies  they  n*te  two  major  differences  in 
the  relative  distribution  of  amino  acids.  Milk  protein  was 
found  to  contain  1,4  times  the  amount  of  methionine  found  in 
the  protein  of  colostrum  but  only  about  0,6  as  much  methionine 
for  both  the  cow  and  the  ewe.  In  the  case  of  the  other  amino 
acids  the  relative  proportions  are  more  nearly  equal.  It  is 
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also  noted  that  an  essentially  identical  relationship  exists 
between  the  relative  proportions  of  these  amino  acids  in  milk 
and  colostrum  of  both  species.  These  workers  also  determined 
the  relationship  of  the  amino  acid  composition  of  cows’  milk 
protein  to  ewes’  milk  protein.  They  found  that,  from  a  nutri¬ 
tional  standpoint,  the  amino  acid  patterns  of  these  two  groups 
of  mixed  proteins  are  essentially  identical.  From  a  considera¬ 
tion  of  amino  acid  data  alone  these  workers  conclude  that  the 
proteins  are  of  equal  nutritional  value.  They  found  relatively 
minor  individual  variations  in  the  amino  acid  patterns  of  milk 
and  colostrum  from  different  animals.  The  extreme  values  in 
almost  every  case  fell  within  10  percent  of  the  mean.  Their 
comparative  data  are  found  in  Table  V  in  the  discussion  of 
results • 

The  work  of  Block  and  Bolling  (3)  suggests  a  similar 
relationship  between  colostrum  and  milk  in  humans  to  that  found 
for  ewes  and  cows  by  Kuiken  and  Pearson  (10).  According  to 
their  data,  a  typical  mother’s  milk  protein  contained  1.3  times 
as  much  methionine  as  a  colostrum  protein  sample  and  0.9  times 
as  much  threonine.  These  differences  fceflect  the  change  in 
protein  distribution  which  occurs  during  the  transition  from 
colostrum  to  milk  production. 
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SXPERIMTAL 

Samples  of  colostrum  and  milk  were  obtained  from  two 
sows  in  the  University  herd.  One  of  these  sows  was  two  years 
old  and  the  other  four  years  old  and  they  were  in  their  second 
and  sixth  lactation  periods  respectively. 

The  sows  were  both  milked  on  the  day  of  parturition  (  at 
3  hours  and  10  hours  post  farrowing  respectively),  then  on  the 
third  day,  the  first  week  and  at  weekly  intervals  until  the 
litters  were  weaned  at  eight  weeks  of  age.  The  sows  were  milked 
by  the  method  of  Ely  and  Peterson  (8)  and  Braude  e_t  al Q  (5) 
as  described  in  Part  I  of  this  thesis.  The  samples  taken  were 
"quick  frozen"  and  stored  until  all  milkings  had  been  completed, 
at  which  time  they  were  thawed  and  the  determinations  carried  out. 

Nitrogen  was  determined  on  2  ml.  (specific  gravity  averaged 
1.0210  gms .  per  ml.)  samples  by  the  Kjeldahl- Chinning- Arnold  method 
(1)  using  mercuric  oxide  as  catalyst.  The  factor  6.38  was  used  to 
convert  nitrogen  to  protein. 

Twenty  ml  •  of  milk  and  100  ml  •  of  2N  KC1  were  placed  in 
250  ml.  erlenmeyers  covered  with  50  ml.  beakers  and  autoclaved 
for  five  hours  at  a  pressure  of  15  pounds  per  square  inch.  These 
hydrolysates  were  made  up  to  200  ml  •  and  filtered. Th^se  hydro¬ 
lysates  had  a  concentration  of  1  ml.  of  milk  in  10  ml  •  of  solu¬ 
tion  arid  were  stored  in  the  refrigerator  for  amino  acid  analysis. 

The  amount  of  lysine,  leucine,  isoleucine,  phenylalanine, 
valine,  methionine,  arginine,  histidine  and  threonine  in  the 
samples  was  determined  microbiologically,  and  the  media  used  and 
the  assay  technique  followed  were  similar  to  that  employed  by 

Rlesen  ejt  al.  (13).  (see  appendix  for  amino  acid  forms) 
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The  following  organisms  were  used  for  the  assays: 

1.  Leuconostoc  mesenteroides  P-60 

Lysine  (7) 

2*  Lactobacillus  arabinosus  17-5 
Leucine  (l6) 

Isoleucine  (17) 

Phenylalanine  ( 13 ) 

Valine  (l6) 

3*  Streptococcus  faecalis  R 

Methionine  (12)  j 

f: 

Arginine  (18) 

Histidine  (l8) 

Threonine  (9) 

Assays  were  conducted  on  a  semi  micro  scale  in  which 
the  final  volume  was  2  ml*  (13)*  ^ater  ana  media  were  added 
with  a  Gannon  automatic  dispenser  (6)  to  20  x  l£0  mm*  bacterio¬ 
logical  test  tubes  in  racks  provided  with  metal  covers*  The 
hydrolysates  and  standards  were  pipetted  in  by  hand,  using  a 
1  ml  .  graduated  pipette  at  levels  of  0*2,  O.I4.,  0.6,  0.0  and 
1*0  ml.  Standards  were  pipetted  in  triplicate*  Water  was  then 
added  to  make  up  to  1  ml*,  and  1  ml*  basal  medium  was  added  to 
make  a  final  volume  of  2  ml*  The  racks  were  then  heated  in 
the  autoclave  for  12  Hun.  at  15  lb*  pressure,  cooled,  inoculated 
with  one  drop  of  inoculum  and  incubated  at  3 7°C*  for  72  hours* 
The  acid  produced  by  the  bacteria  during  growth  was 
then  titrated  with  *1  N  NaOH  using  an  automatic  titrator  and 
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the  following  indicators: 

Brom  thymol  blue  for  lysine,  leucine,  isoleucine,  phenyl¬ 
alanine  and  valine* 

Thymol  blue  for  methionine,  arginine,  histidine  and  threonine* 

Prom  the  amount  of  acid  produced  by  the  bacteria, in 
the  standard  tubes , getting  a  known  amount  of  the  amino  %cid 
concerned,  a  standard  curve  was  drawn*  The  acid  produced  in 
the  samples,  containing  unknown  amounts  of  the  amino  acids, 
was  then  compared  to  that  produced  by  the  bacteria  in  the 
standards  and  the  amount  of  amino  acid  in  the  sample  thus 
determined*  Sine©  there  were  five  dilutions  of  the  sample, 
there  could  be  calculated  5  values  per  sample  and  an  average 
value  determined*  (See  appendix  for  details  on  media  composi¬ 
tion,  etc*) 


RESULTS 

Results  of  amino  acid  analyses  (averages  for  2  or  3 
analyses)  are  summarized  in  Tables  III  and  IV*  Table  III 
presents  the  data  in  milligrams  per  gram*  Because  changes  in 
the  composition  of  the  protein  are  important,  the  figures  in 
Table  IV  are  given.  These  show  the  amino  acid  composition  in 
terms  of  percent  of  protein  which  they  constitute.  This  puts 
the  data  on  a  sounder  basis  since,  with  decline  in  protein 
content  as  lactation  progresses,  there  is  a  concpmitant  decline 
in  amino  acid  levels* 
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Early  colostrum  is  high  in  protein.  The  protein  level 
falls  off  rapidly  until  it  reaches  a  low  of  4  to  5  percent 
around  the  second  and  third  week.  This  level  rises  gradually 
to  between  6  and  7  percent  by  the  end  of  the  eight  week  lacta¬ 
tion  period. 

When  expressed  as  milligrams  per  gram  of  milk,  all 
amino  acids  reached  a  low  level  between  the  second  and  third 
week,  corresponding  to  the  low  protein  level.  When  expressed 
as  percent  of  protein  the  picture  was  changed  considerably. 
Trends  can  be  seen  in  Table  IV* 

The  protein  of  sows’  colostrum  was  found  to  be  higher 
in  threonine,  phenylalanine,  valine  and  leucine  and  lower  in 
lysine  and  methionine  than  was  milk  protein.  Histidine  showed 
little  variation  throughout  the  lactation  period.  Isoleucine 
was  found  to  be  lower  in  the  very  first  colostrum  but  quickly 
became  constant  in  both  later  colostrum  and  milk  samples. 
Arginine  levels  wore  different  for  the  two  sows,  one  showing 
more  arginine  in  the  colostrum  proteins  than  in  the  milk  pro¬ 
teins  while  the  other  showed  the  opposite  trend. 
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TABLE  IV 

Amino  Acid  Composition  of  Sows1  Milk  and  Colostrum 
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DISCUSSION 

A  comparison  of  the  amino  acid  composition  of  sows* 
milk  and  colostrum  to  that  of  tha  cow  and  awe  reveals  that  there 
are  many  similarities  in  trends.  The  data  presented  by  Kuiken 
and  Pearson  (10)  agree  in  general  with  that  presented  by  Sarkar 
et>  al . ( 14) although  in  some  cases  differences  between  amino  acid 
content  of  colostrum  and  milk  vary  in  magnitude.  Both  these  groups 
of  workers  found  the  protein  of  colostrum  to  contain  more  valine, 
threonine,  and  arginine  than  milk  protein.  The  author’s  data  on 
sows*  colostral  protein  reveal  it  to  be  higher  in  threonine  and 
valine  and  also  in  phenylalanine  and  leucine  than  Is  milk  protein. 
In  the  case  of  arginine  however,  the  picture  differs  for  the  two 
sows  as  mentioned  above.  It  was  found  that  colostral  protein 
had  leas  lysine  and  methionine  and,  In  the  case  of  very  early 
colostrum,  less  isoleucine.  Isoleucine  however,  appears  to 
remain  relatively  constant  throughout  the  remainder  of  the  lact¬ 
ation  period.  Sarkar  ejb  al,  (14) found  colostrum  protein  to  be 
lower  in  phenylalanine  and  leucine  in  addition  to  Isoleucine  and 
methionine.  They  found  lysine  and  histidine  levels  to  remain 
fairly  constant  In  both  colostrum  and  milk  proteins,  whereas  in 
sows’  milk  protein  we  found  histidine  to  be  the  only  amino  acid 
to  remain  relatively  constant. 

A  study  of  Table  V  will  facilitate  comparisons  between 
the  amino  acid  composition  of  colostrum  and  milk  proteins  for  the 
cowfi  ewe  and  sow.  Main  differences  are  as  follows: 

1.  When  figures  for  both  sows  are  averaged,  general  ”up 
and  down”  trends  are  In  agreement  with  those  for  the  cow  and  ewe 
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except  in  the  case  of  phenylalanine  and  leucine,  which  make  up 
a  larger  percentage  of  the  colostral  than  of  the  milk  proteins. 

2.  Another  point  of  interest  is  that  these  nine  essential 
amino  acids  make  up  44  percent  of  the  colostral  protein  and  41 
percent  of  the  milk  protein  whereas, in  the  case  of  both  the  cow 
and  the  ewe,  close  to  50  percent  of  both  colostral  and  milk  pro  - 
tein  are  made  up  of  these  same  essential  amino  acids. 

The  data  of  Smith  and  Greene  (19)  which  show  “immune 
proteins”  to  be  higher  in  leucine,  valine  and  threonine,  help  to 
explain  why  the  protein  of  sows’  colostrum  should  be  higher  in 
these  three  amino  acids,  assuming  it  to  be  higher  in  ‘'immune 
protein”  content •  Why  it  was  also  found  to  be  higher  in  phenyl¬ 
alanine  i 8  not  explainable  from  the  present  data. 

The  ratios  presented  in  Table  VI,  which  is  as  addition 
to  a  table  presented  by  Kuiken  and  Pearson  (10),  show  the 
differences  in  amino  acid  composition  of  colostrum  and  milk  for 
the  sow,  cow  and  ewe.  The  milk/colostrum  ratio  is  fairly 
similar  except  in  the  cases  of  leucine  and  phenylalanine  which 
has  been  noted  previously.  A  comparison  of  the  amino  acid  con¬ 
tent  of  cows'  milk  protein  to  that  of  ewes'  and  sows'  milk  pro¬ 
tein  respectively  shows  that  sows’  milk  protein  contains  less 
of  eight  of  the  nine  amino  acids  studied  than  does  cows'  milk, 
the  one  exception  being  arginine  which  is  more  plentiful  in 
sows'  milk  protein  than  in  cows'  milk  protein.  In  this  connec¬ 
tion,  however,  it  should  be  remembered  that  the  protein  of 
sows'  milk  is  considerable  higher  than  that  of  cows'  milk. 

While  It  appears  that  the  quality  of  sows’  milk  protein  is 
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inferior  to  that  of  the  cow,  the  fact  that  it  is  higher  in 
protein  tends  to  compensate  for  this  difference  when  the  two 
milks  are  compared  on  an  equal  volume  basis «  If  this  is  done, 
as  in  Table  V,  it  will  be  seen  that  sows*  milk  is  superior  to 
that  of  the  cow  in  all  amino  acids  studied  except  methionine. 

On  this  same  basis  ewes*  and  sows*  milk©  are,  generally  speak¬ 
ing,  similar. 

When  the  milk  protein  of  all  three  species  is  compared 
it  is  reasonable,  from  the  physiological  point  of  view,  that 
milk  protein  of  the  ewe  atod  cow  be  similar.  Because  the  sow  is 
a  non-ruminant,  differences  in  milk  protein  composition  from  that 
of  the  cow  and  ewe  are  not  surprising. 
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TABLE  V 

Conparison  of  Colostrum  and  Milk  of  the  Gowj  Ewe  and  Sow 
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*K*  A*  Kuiken  and  P.  B*  Pearson  (10) 
^-Omitting  3  day  transitional  milk# 


TABLE  VI 

Ratios  which  Characterize  the 
Relative  Amino  Acid  Composition 
of  Milk  and  Colostrum  Proteins* 


Ratio  of  Amino  Acid  Content 
of  Milk  Protein  to  that  of 


Colostral  Protein 
(Hilk/Colostrum) 


Amino  Acid 

Cow* 

Ewe* 

Sow 

Arginine 

.03 

.82 

.96 

Histidine 

1*12 

1.12 

1.03 

Isoleucine 

1.2  If 

1.16 

1.10 

Leucine 

1.02 

1.02 

.89 

Lys ine 

1.06 

1.08 

1.14 

Methionine 

1.4.0 

1.36 

1.11 

Phenyl al anine 

i  o  06 

1.08 

•  86 

Threonine 

.62 

.64 

.69 

Valine 

.92 

•93 

.80 

*Kuiken  and  Pearson  (10)* 
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3UMMARY 

The  essential  amino  acid  composition  (except  tryptophan) 
of  sows'  colostrum  and  milk  has  boon  determined  and  comparisons 
made  between  these  findings  and  the  data  on  amino  acid  composi¬ 
tion  of  cows'  and  ewes'  milk  reported  in  the  literature* 

On  the  basis  of  protein  quality,  sows'  milk  is  inferior 
to  cows*  and  ewes*  milk*  However,  when  amino  acid  composition 
is  expressed  in  terms  of  milligrams  per  gram  of  milk,  the  milk 
of  the  sow  is  superior  to  that  of  the  cow  except  in  the  case  of 
methionine,  and  very  similar  to  that  of  the  ewe* 

Colostrum  protein  was  found  to  be  higher  in  threonine, 
phenylalanine,  valine  and  leucine,  and  lower  in  lysine  and  methio¬ 
nine  than  was  milk  protein*  Histidine  showed  little  variation 
throughout  the  lactation  period*  Isoleucine  was  fouhd  to  be 
lower  In  the  very  first  colostrum  but  quickly  became  constant 
In  both  later  colostrum  and  milk  samples.  Arginine  levels  of 
the  milk  of  the  two  sows  showed  conflicting  trends. 

Because  sows'  colostrum  is  high  in  leucine,  valine  and 
threonine,  and  because  these  three  amino  acids  are  known  to  be 
high  in  ’’immune  protein",  it  is  reasonable  to  assume  that  the 
colostrum  is  high  in  "immune  protein"  content*  This  emphasizes 
the  value  of  colostrum  in  the  nutrition  of  the  very  young  pig* 
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PART  III 

ANIMAL  PROTEIN  FACTOR  SUPPLEMENTATION 

of  swine  rations 


INTRODUCTION 

Swine  producers  have  realized  for  many  years  that  pigs 
require  some  protein  of  animal  origin  if  they  are  to  make  most 
rapid  and  economical  gains.  The  superiority  of  the  animal 
protein  supplements  is  believed  due,  in  part,  to  their  content 
of  unidentified  factors  for  growth  and  reproduction,  one  of 
which  is  now  known  as  the  ttanimal  protein  factor,"  This  animal 
protein  factor,  now  commonly  called  the  APF,  Is  not  a  protein, 
but  a  vitamin,  or  combination  of  vitamins,  one  of  which  is  vita¬ 
min  The  animal  protein  factor  Is  so  called  because  it  was 

originally  found  in  animal  proteins  such  as  liver  meal,  condensed 
fish  solubles,  fish  meal,  tankage  and  bone  scraps. 

In  many  Instances  protein  supplements  of  animal  origin 
are  more  expensive  than  those  of  vegetable  origin  and,  in  addi¬ 
tion,  are  at  times  difficult,  if  not  impossible,  to  obtain.  It 
was  soon  reasoned  that,  if  this  APF  could  be  produced  at  a 
moderate  cost  and  added  to  swine  rations  made  up  of  vegetable 
protein  sources,  a  growth  response  comparable  to  that  obtained 
when  feeding  protein  of  animal  origin  might  be  expected,  A  search 
for  a  cheap  source  of  the  APF  was  then  begun# 
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In  addition  to  being  called  the  nanti-pernicious  anemia 
factor,”  because  of  its  beneficial  effect  in  treatment  of  per- 
nicious  anemia,  vitamin  B^2  is  also  called  the  ”cow  manure  factor 
because  it  is  found  in  cow  manure#  This  explains,  in  part,  why 
livestock  feeders  for  many  years  have  noticed  that  "poor  doing" 
pigs  improve  in  health  and  appearance  when  put  in  the  feedlot  to 
follow  cattle.  Similar  results  have  been  obtained  with  poultry, 
where  improved  hatchability  resulted  when  layers  receiving  all 
plant  protein  rations  had  access  to  their  own  droppings  during 
warm  weather#  Since  fresh  droppings  failed  to  give  a  response, 
while  incubated  or  older  droppings  did  give  a  response,  it  was 
reasoned  that  the  factor  was  a  product  of  microbiological  fermen¬ 
tations. 

A  fermentation  process  was  then  utilized  commercially 
for  the  production  of  the  APP. 

The  three  nutritional  factors  found  in  variable  amounts, 
in  different  APP  concentrates  as  produced  by  this  method  are  as 

follows : 

1.  Vitamin  B^. 

2.  Primary  antibiotic  residues  in  crude  form,  resulting  from 
the  production  of  crystalline  (pure)  aureomycin,  streptomycin, 
penicillin,  terramycin,  etc. 

3.  Other  fermentation  residues,  composed  of  primary  anti¬ 
biotic  breakdown  products,  secondary  antibiotics,  and/or  B- 
complex  vitamins,  known  and  unknown. 

It  has  been  found  that  each  of  these  fractions  gives  an 
additional  growth  response  In  swine  feeding. 
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Most  of  the  wo3?k  done  on  the  feeding  of  APP  concentrates 
to  pigs  has  taken  place  in  the  United  States,  The  rations  used 
have  been  of  the  corn  -  soybean  oil  meal  type  and,  for  the  most 
part,  pigs  of  other  than  the  Yorkshire  breed  have  been  used. 

It  was  thus  decided  to  carry  out  a  study  on  feeding  APP  con¬ 
centrates  to  .Yorkshire  pigs  receiving  rations  common  to  alberta 
to  determine  the  effect  on  rate  of  gain,  efficiency  of  feed 
utilization,  and  carcass  quality. 

REVIEW  OF  LITERATURE 

In  April,  I9I4-8,  Rickes  et  al.  (60)  isolated  biologically- 
active,  pure  crystalline  vitamin  B]_2  from  clinically  active  liver 
concentrates.  This  climaxed  a  twenty  year  search  for  the 
factor  responsible  for  the  curative  effects  of  liver  when  fed 
to  pationt3  suffering  from  pernicious  anemia. 

Because  the  extraction  of  the  vitamin  from  liver  was  an 
expensive  method  of  obtaining  vitamin  B^2,  Rickes  et_  al.  (6l) 
investigated  other  sources  of  the  vitamin.  They  found  it  to  bo 
produced  by  the  mold  Streptomyces  griseus  which  also  produces 
the  antibiotic,  streptomycin.  Since  that  time,  numerous  sources 
and  methods  of  production  of  vitamin  have  been  discovered. 

The  distribution  of  vitamin  B^2  common  substances  has 
been  studied  by  Lewis  at  al.  (I4.6)  using  rats  as  their  assay 
animal.  Sbeep  rumen  contents  wore  found  to  contain  much  vitamin 
Bl2  (5*0  micrograms  /  100  gmj,  which  suggests  a  synthesis  of  this 
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vitamin  within  the  rumen.  Milk,  cheese,  meats  and  eggs  were 
found  to  he  relatively  good  sources  of  the  vitamin.  Dried  soy¬ 
bean  sprouts,  barley,  fresh  potatoes,  beans,  cabbage,  green 
peas,  alfalfa  leaf  meal  and  fresh  grass  contained  no  significant 
amount.  The  variation  in  pork  samples  obtained  by  these  workers 
is  attributed  to  the  fact  that  swine  are  monogas trie  animals  and 
therefore  do  not  benefit  from  the  nutrients  that  may  be  produced 
by  microorganisms  in  the  rumen  of  cattle.  The  high  level  found 
in  horse  meat  indicates  that  the  synthesis  of  vitamin  in  the 

caecum  of  the  horse  may  be  as  efficient  as  in  the  rumen  of  the 
cow  and  sheep.  Other  workers,  Peeler  e_t  al.(58)»  using  the  chick 
assay  and  the  microbiological  assay  obtained  similar  results. 

As  yet  vitamin  B-^g  has  not  been  identified  chemically. 
Various  properties  are  however,  known.  The  vitamin  crystallizes 
in  the  form  of  small  red  needles.  Smith  (67)  reported  the  presence 
of  both  cobalt  and  phosphorus  in  the  material.  Some  nitrogen 
but  no  sulphur  has  been  detected.  The  molecular  weight  is  esti¬ 
mated  to  be  between  1550  and  1750.  Rubin  and  Bird  (62)  found  the 
factor  (from  cow  manure)  to  be  stable  in  the  dry  state  at  100°C 
for  one  hour  and  to  autoclaving  in  solution  for  15  minutes.  It 
did  not  dialize  through  cellophane.  It  Is  moderately  soluble  in 
water,  50  percent  ethyl  alcohol,  and  95  percent  ethyl  alcohol. 

It  was  Insoluble  in  chloroform  and  ether. 

Brink  et  al.(9)  of  Merck  and  Co.  present  evidence  to 
show  that  vitamin  B  contains  one  cyano  group  bound  to  the 
cobalt  atom.  The  extreme  lack  of  toxicity  of  vitamin  B12  indi¬ 
cates  that  the  cyano  group  is  tightly  bound  within  the  coordination 
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complex*  A  tentative  formula  is  given  as  follows: 

H 

CH3— 0*^°  "C'  N  H 

I  1!  I 

ch3— Cx  a  „,c  h2 

C.  H  c53-54  h77-81  h12  °13  p  Co 

The  effect  of  the  animal  protein  factor  on  poultry  and 
on  swine  was  noticed  long  before  the  isolation  of  puro  crystalline 
vitamin  However,  from  th©  standpoint  of  clarity,  the  effects 

of  pure  vitamin  B]^?  on  poultry  and  swine  will  be  discussed  first* 
If  we  know  what  vitamin  Byp  alone  will  do,  then  we  can  attribute 
any  increased  effect  on  growth  and  feed  efficiency  when  APF  is 
fed  to  factors  other  than  vitamin  content*  Proceeding  from 
this  point,  we  can  attribute  any  additional  growth  or  feed 
efficiency  responses  to  the  effect  of  antibiotics  when  APF  supple¬ 
ments  containing  antibiotics  are  fed* 

The  Effect  of  Vitamin  B^2  in  Nutrition 

The  first  work  on  the  effect  of  the  growth  factor  on 
animals  was  carriod  out  in  tho  field  of  poultry  nutrition*  Since 
moat  of  the  papers  dealt  with  "a  growth  factor"  it  now  seems 
likely  that  this  factor  was  not  vitamin  13], 2  alone,  but  rather 
combinations  of  vitamin  B^2  and  other  unidentified  growth  factors 
(APF)  with  or  without  antibiotics  which  could  have  been  produced 
in  the  soil  and  manure  (cow  manure  factor)  by  microbiological 
fermentations*  However  some  work  has  been  done  using  vitamin 
in  a  relatively  pure  form* 

At  tho  United  States  Department  of  Agriculture  research 
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center  at  Beltsville,  Maryland,  vitamin  B^2  injected  into  eggs 
at  the  rate  of  one-millionth  of  a  gm.  per  egg,  caused  the  birds 
hatching  from  these  eggs  to  gain  faster  than  controls.  Mortality 
rate  was  also  lower  and  feathering  rate  better.  At  eight  weeks 
of  age  the  birds  hatching  from  the  vitamin  B]_2  inoculated  eggs 
had  grown  25  percent  faster  than  those  birds  from  eggs  that  were 
not  inoculated.  Injection  of  eggs  from  hens  fed  a  vitamin  low 
diet  were  found  by  Olcese  and  Couch  (55),  to  promote  normal  hatch- 
ability  from  the  sixth  through  the  eighth  week,  but  not  after  the 
ninth  week  in  a  seventeen  week  test.  They  noted  also  that  injection 
of  the  vitamin  into  the  eggs  prevented  the  occurrence  of  embryonic 
anomalies  associated  with  vitamin  B^2  deficiency  throughout  the 
experimental  period.  Approaching  the  same  problem  from  another 
angle,  Peterson  a_t  al.  (59)  present  data  to  show  that  levels  of 
1.0,  2.0  and  4.0  micrograms  per  hen  per  week  (injected  intra- 
muscularly)  were  equally  effective  in  permitting  maximum  hatch- 
ability  of  90  to  95  percent  within  a  period  of  three  weeks  as 
compared  to  depleted  control  hens  whose  eggs  showed  only  12  per¬ 
cent  hatchability •  They  also  show  that  vitamin  is  transferred 
directly  from  the  dam  through  the  eggs  to  the  newly  born  chick. 

A  level  of  40  micrograms  per  week  for  a  period  of  only  two  weeks 
permitted  a  sufficient  carryover  to  permit  excellent  chick  growth. 

Briggs  et  al.(Q)  in  a  paper  containing  an  excellent 
review  of  the  role  of  vitamin  B12  and  the  APP  in  poultry  nutrition, 
state  that,  with  normal  chicks  fed  a  practical, all  vegetable 
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diet  containing  20  percent  protein,  a  vitamin  B12  deficiency  can  be 
produced  without  the  use  of ’’stress  factors”  in  the  diet#  This 
deficiency  results  in  a  slow  growth  rate,  poor  feed  efficiency 
and  gizzard  erosions#  This  deficiency  is  prevented  equally  well 
with  crystalline  vitamin  B^2  Q3?  any  of  the  crude  or  concentrated 
sources  of  vitamin  B^2  available  today.  They  found  also  that 
methionine  had  a  strong  sparing  action  on  vitamin  and  could 
completely  replace  the  vitamin  B^2  requirement  of  chicks  fed  the 
corn-soybean  oil  meal  diets  used.  Choline  was  found  to  have  con¬ 
siderably  less  sparing  activity  than  methionine#  Inorganic  cobalt 
was  found  to  be  ineffective  in  promoting  growth  when  added  to  a 
ration  low  in  vitamin  B^2.  These  workers  conclude  that  all-vege¬ 
table  supplemented  rations  fortified  with  vitamin  B^2  need  no 
supplementation  with  animal  proteins  in  order  to  promote  fast 
gains  and  economical  production  of  poultry  meat, 

Stokstad  et  al.  (70)  found  chick  requirements  to  be 
15  to  30  micrograms  per  kilogram  of  diet  or  0,4  micrograms  of 
vitamin  B^2  injected  intramuscularly  once  weekly.  This  closely 
agrees  with  the  work  of  Ott  ej:  al.(56)  and  Briggs  et  al . ( 8 ) 
who  found  the  requirements  to  be  30  and  11  micrograras  per  kilo¬ 
gram  of  ration  respectively.  Milligan  and  Combs  (49)  further 
substantiated  this  range  by  finding  that  chicks  grew  satisfactor¬ 
ily  when  receiving  27  micrograms  of  supplementary  vitamin  B-jjg 
when  they  were  on  a  vitamin  B^g  deficient  diet  before  going  on 
test  • 

Pure  vitamin  B^2  is  very  expensive  to  use  in  the  nutrition 
of  the  pig.  However,  from  an  experimental  point  of  view  it  was 
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necessary  to  use  pure  vitamin  and  not  a  concentrate  of  vitamin 
if  its  role  in  nutrition  was  to  be  determined. 

The  effect  of  this  vitamin  on  growth  and  feed  efficiency 
has  been  studied  by  many  workers*  Catron  et  al.( 15) found  that 
pigs  receiving  10  micrograms  of  vitamin  6^2  par  pound  of  ration 
made  significantly  greater  average  daily  gains  than  controls. 
Luecke  ejt  al .  ( 42 ) f  ound  a  10  percent  increase  in  rate  of  gain  bftt 
no  ihcrease  in  feed  efficiency  when  they  fed  12*5  micrograms  of 
vitamin  B^g  P®2*  pound  of  feed  to  growing  pigs.  Conversely  Cuff 
et  al.(26)  found  vitamin  to  be  ineffective  in  increasing  rate 
of  gain  of  runty  pigs. 

Burnside  et,  al.(ll)  found  that  vitamin  B^g  fed  either 
orally  (20  micrograms  per  pound  of  feed)  or  injected  (5  micro- 
grams  per  kilogram  of  body  weight)  did  not  significantly  effect 
the  rate  of  growth  when  added  to  a  corn-peanut  meal  basal  ration 
for  a  feeding  period  of  40  days.  They  found,  in  fact, that  vitamin 
injected,  decreased  the  rate  of  growth  by  about  0.1  pound  per 
day.  Diarrhea  was  also  observed  in  lots  getting  vitamin  Bi2  while 
none  was  observed  in  lots  getting  APF  with  aureomycin  residue. 

Vohs  et  al*(71)  using  a  corn -soybean  oil  meal  basal  ration 
fortified  with  vitamins  and  minerals  found  that, from  a  practical 
point  of  view,  the  vitamin  B^2  requirement  of  growing-fattening 
pigs  from  weaning  to  200  pounds  in  concrete  dry-lot  does  not 
exceed  5  micrograms  per  pound  of  ration.  They  found  that  crystal¬ 
line  vitamin  increased  average  daily  gains. 

Neumann  et  al.  (53)  studied  the  comparative  effect  of 
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crystalline  vitamin  B-^g  and  antipernicious  anemia  liver  extract 
on  growth  and  "blood  cell  formation  in  baby  pigs  fed  a  synthetic 
milk  ration.  They  found  that  baby  pigs  receiving  intramuscularly 
either  2  micrograms  of  pure  crystalline  vitamin  or  0.1  ml.  of 
reticulogen  daily#  showed  an  immediate  significant  growth  response 
over  the  controls.  Neumann  e_t  ad. (54)  also  conducted  an  experiment 
to  determine  the  quantitative  oral  requirement  of  the  baby  pig  for 
vitamin  B^g.  They  found  that  when  50  mlcrograms  of  vitamin  per 
kilogram  of  dry  matter  of  diet  were  fed#  optimum  growth  rates  were 
obtained.  They  also  found  that  the  hemoglobin  levels  rose  slightly 
between  the  21st  and  77th  days  on  test#  the  greatest  increases  occurr- 
ing  where  the  highest  levels  of  vitamin  B^g  were  fed  (up  to  51  micro¬ 
grams  per  kilogram  of  diet) •  No  increased  response  was  obtained  when 
68  micrograms  per  kilogram  of  diet  were  fed.  Gross  symptoms  which 
might  be  attributed  to  a  deficiency  of  vitamin  are  hyperirrit¬ 
ability#  posterior  Incoordination,  voice  failure  and  pain  in  the  rear 
quarters . 

Colby  and  Ensminger  (18)  using  a  purified  ration  detected  no 
advantage  in  adding  a  vitamin  B^g  concentrate,  crystalline  vitamin 
vitamin  B^2  ( injected) , an  animal  protein  factor  concentrate  or  alfalfa 
and  fish  meal  to  a  purified  basal  ration  for  the  growing  pig.  Rate 
of  gain, feed  efficiency, hemoglobin  levels,  or  red  and  white  blood 
cell  counts  were  not  affected  by  these  supplements. 

Aronoff  and  Vernon  (2)  determined  the  requirement  of  the  baby 
pig  from  2  to  6  weeks  of  age.  They  found  the  oral  vitamin  B^g  re¬ 
quirement  to  be  20  micrograms  per  kilogram  of  dry  matter  consumed 
or  0.6  mlcrograms  of  vitamin  B^g  injected  per  kilogram  of  body 
weight  which  is  about  one-half  of  the  oral  requirement. 
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The  Role  of  Vitamin  B ^2  in  Nutrition 

While  vitamin  B-^2  has  been  found  to  exert  a  beneficial 
effect  on  pig  and  chick  growth  the  way  in  which  this  effect  is 
achieved  is  still  not  clearly  proven.  However,  a  brief  review 
on  the  research  done  in  this  field  is  presented  to  show  some 
possible  roles  that  it  may  play  in  nutrition. 

Because  vitamin  B-^2  was  used  to  counteract  pernicious 
anemia  in  humans  it  was  thought  that  adding  it  to  rations  would 
increase  the  hemoglobin  levels  of  the  blood.  There  is  no  reason 
to  assume,  however,  that  hemoglobin  levels  of  normal  animals 
would  be  increased  by  its  use.  Neumann et  al.  (53)  found  that 
the  most  apparent  blood  abnormality  in  pigs  raised  on  a  vitamin 
B12  deficient  diet  was  a  high  neutrophil  count  and  a  concomitantly 
low  lymphocyte  count  in  the  peripheral  blood.  Hemoglobin  levels 
of  the  groups  did  not  differ  significantly.  Neumann  et  al.  (54-) 
in  another  experiment  found  an  increase  in  hemoglobin  levels 
when  up  to  51  micrograms  per  kilogram  of  diet  was  fed. 

Johnson  and  Nesheim  (37)  created  a  combined  vitamin  B]_2  - 
pteroylglutamic  acid  deficiency  in  the  baby  pig.  On  injection 
with  vitamin  B12  a  marked  growth  and  reticulocytosis  occurred. 
After  three  weeks  a  second  reticulocyte  peak  was  obtained 
following  oral  P.G.A.  administration.  Thus  they  conclude  that 
the  pig  requires  both  P.G.A.  and  vitamin  B^2  for  normal  growth 
and  maintenance  of  health. 

Dinning  £jt  al.  (P 7)  found  that  the  addition  of  betaine 
to  a  basal  diet  did  not  Increase  the  leucocyte  counts  while 
addition  of  betaino  to  a  vitamin  B^2  supplemented  diet  did.  The 
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low  methionine  and  low  choline  contents  of  the  basal  diet  were 
Inadequate  to  supply  sufficient  methyl  groups  for  leucocyte  form¬ 
ation,  They  found  that  methionine  in  the  absence  of  vitamin  B-^ 
or  betaine  in  the  presence  of  vitamin  can  function  in  the 
production  of  leucocytes.  These  results  suggest  that  vitamin  B12 
may  be  essential  for  the  utilization  of  the  methyl  groups  of 
betaine • 

Vitamin  B-^>  has  also  been  thought  to  cause  increased 
efficiency  of  protein  utilization,  Cunha  et  al.(20)  present 
evidence  to  indicate  that  the  accepted  values  for  the  protein 
requirements  of  swine  may  need  to  be  re-evaluated  by  using  ad¬ 
equate  amounts  of  vitamin  (plus  other  factors  present  in 
the  Lederle  APP)  in  the  ration.  Pigs  fed  a  12,2  percent  protein 
ration  (corn-peanut  meal)  plus  APP  gained  as  rapidly  as  pigs  fed 
the  19,6  percent  protein  ration  without  APF,  and  without  additional 
B  vitamins.  The  rations  containing  19,6  percent  and  17.9  percent 
protein,  supplemented  with  APF  and  B  vitamins,  both  produced  average 
daily  gains  of  1.21  pounds. 

Charkey  d  al.  (17) found  that  vitamin  E^2  reduced  blood 
levels  of  non-protein  nitrogen  and  of  seven  individual  amino 
acids  from  the  levels  found  in  vitamin  B-^g  deficient  chicks. 

Chicks  given  vitamin  grew  more  rapidly  and  utilized  feed 

more  efficiently  than  B^g  deficient  controls, although  the  latter 
had  higher  blood  levels  of  amino  acids.  Vitamin  B-j^  appears  to 
function  in  metabolism  by  enhancing  utilization  of  circulating 
amino  aoids  for  building  fixed  tissues. 
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Just  how  vitamin  is  involved  in  protein  utilization 
has  caused  several  groups  of  workers  to  attempt  an  explanation# 
Vitamin  has  been  demonstrated  to  protect  weanling  pigs  against 
kidney  hemorrhage  produced  by  a  diet  low  in  choline  and  methionine 
by  Schaefer  ejb  al.#  (65)  and  to  reduce  the  choline  requirement 
of  young  chicks  by  Schaefer  et  al#  (66)*  Drill  et  al.  {29) 
working  with  rats  found  that  a  vitamin  concentrate  exerted  a 
lipotropic  effect  on  rats  maintained  on  a  high  fat  diet# 

Oginsky  " .  (57)  using  deficient  rats,  present  evidence 
to  show  that  vitamin  £12  is  involved  in  either  the  formation  or 
the  activation  of  the  methionine  forming  system#  Livers  from 
vitamin  deficient  rats  exhibited  a  lower  ability  to  form 
methionine  from  hemocystine  and  either  choline  or  betaine,  as 
compared  to  those  from  animals  dosed  with  vitamin  B-^*  Cunha 
ot  al#  (21)  showed  that  adding  an  APF  supplement  to  rations  for 
pigs  relieved  the  need  for  supplementing  the  ration  with  methionine# 
A  partial  explanation  of  the  above  finding  may  be  found 
in  evidence  reported  by  Dubnoff  (30)  in  which  he  states  that 
vitamin  B-^  Las  been  found  to  increase  the  reduction  of  homocysteine 
and  decrease  the  net  oxidation  of  homocysteine#  Since  homocysteine 
appears  to  be  a  direct  acceptor  of  methyl  groups,  a  greater  syn¬ 
thesis  of  methionine  can  be  expected  in  the  presence  of  vitamin 
b12  un^er  conditions  where  the  reduction  of  homocystine  is 
limiting#  He  suggests  a  vitamin  3^2  component  acting  as  a 
hydrogen  carrier  to  "-S-S-"  groups#  This  may  explain  the 
effect  of  vitamin  B]2  on  methionine  formation  and  the  fact  that 
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vitamin  B-jj?  may  oo  at  least  partially  replaced  as  a  microbiological 
growth  factor  by  reducing  agents  or-  by  lowering  the  oxygen  ten¬ 
sion  of  the  medium*  He  states  further  that  vitamin  Big  may  also 
influence  glutathione  and  -SH  groups ,  which  in  turn  can  activate 
a  wide  variety  of  enzyme  systems. 

Wright  ojb  al.  (7J4.)  believe  that  vitamin  aats  as  a 
coonzyme  in  the  process  involving  the  conversion  of  thymine  to 
thymidine*  They  postulate  that  the  primary  biochemical  defect 
in  pernicious  anemia  may  be  the  inability  to  synthesize  certain 
nucleosides,  particularly  thymidine,  from  parent  purines  or 
pyrimidines* 

Other  interesting  findings  concerning  the  physiological 
effects  of  vitamin  ai*e  reported  by  Hushett  and  Ott  (£l), 

Dinning  et  al*  (28),  Wolterink  ot  al*  (73),  and  heitas  (IpS ) * 

Vitamin  in  contrast  to  ABt  containing  antibiotic, 

has  been  found  to  have  no  effect  in  counteracting  enteritis  or 
scours.  Catron  et  al*  (lb)  conducted  an  experiment  to  determino 
this  fact  while  other  workers  have  mentioned  the  lack  of  effect 
of  vitamin  B in  preventing  scours  (11,  71)  • 

The  Animal  Protein  factor 

In  thin  section  the  animal  protein  factor  will  refer 
largely  to  vitamin  Bj2  concentrates  and  it  should  be  remembered 
that  concentrates  may  contain  in  addition  to  vitamin  B^2 
other  factors  some  of  which  are  as  yet  unidentif led. 

Rubin  and  Bird  (63)  discovered  that  cow  manure  contained 
the  factor  and  produced  a  growth  response  when  added  to  the  diet 
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of  chicks  not  fed  a  source  of  vitamin  They  also  showed 

that  it  was  not  identical*  with  the  lactobacillus  casei  factors 
(  from  liver,  yeast  and  fermentation  residues),  factors  U,  R  or 
S,  vitamin  B^q  or  B-q,  synthetic  folic  acid  or  pyracin  lactone. 

Stephenson  _et  al.  (69) found  the  growth  promoting  factor 
in  soil.  He  also  found  that  hen  feces  incubated  for  72  hours 
at  30°  C.  contained  a  growth  promoting  factor,  while  fresh  feces 
did  not,  indicating  that  the  growth  promoting  properties  were 
due  to  some  factor  produced  by  microbial  action.  This  does  not 
agree  entirely  with  the  results  presented  by  Rubin  ©t  al.  (63a) 
who  concluded  from  their  results  that  the  growth  factor  could 
bd  synthesized  in  organs  (  intestine)  other  than  the  rumen  and 
that,  in  poultry,  only  the  older  birds  synthesize  it,  no  growth 
factor  appearing  in  the  feces  of  the  growing  chicks  3  to  6  weeks 
old. 

Kennard  ert  al.  (40)  found  that  the  use  of  built  up  floor 
litter  obviated  the  need  for  animal  and  milk  by-products  in  the 
feed  for  breeders.  This  litter  was  found  to  provide  the  dietary 
factors, including  the  unidentified  animal  protein  or  vitamin 
factors  necessary  for  the  production  of  eggs  of  maximum  hatch- 
ability.  Cunha  et.  al.(22)  found  that  by  adding  5  percent  of  soil 
to  the  ration  of  the  growing  pig  certain  growth  factors  were 
provided. 

As  a  result  of  these  findings  it  is  logical  to  assume 
that  vitamin  B^g  and  the  other  factors  in  the  animal  protein 
factor  were  produced  by  microbiological  action. 

It  has  already  been  mentioned  that  Riokes  £t  al.  (61) 
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found  the  mold  Streptomyces  griseus  to  produce  vitamin  B*^. 

Since  that  time  several  workers  have  found  other  sources  of  the 
animal  protein  factor.  Investigating  microbiological  produc¬ 
tion  of  this  factor  further,  Kalbrook  ejfc  al.  ( 3lp )  studied  the 
vitamin  production  of  33  microorganisms  isolated  from  poultry 
house  lifter  and  droppings.  They  found  that  nearly  all  of  these 
microorganisms  produced  some  vitamin  They  found  that,  for 

the  most  part,  yeasts  and  molds  play  a  minor  role.  The  best 
producer  proved  to  be  a  non-mobile,  gram  negative  rod  believed 
to  be  Aerobacter  aerogena.  Lewis  et.  al.  (!p5)  found  Bacillus 
megetherium  to  be  a  very  active  vitamin  producer.  Stokstad 
et  al.  (70)  reported  the  production  of  the  APP  plus  another 
growth  promoting  factor  with  Streptomyces  aureof aciens,  while 
Wolf  et  al.  (72)  isolated  crystalline  vitamin  B12  from  a  strain 
of  Streptomyces  griseus  which  produces  the  antibiotic  strepto¬ 
mycin. 

Hill  and  Branion  (35)  in  comparing  commercial  animal 
protein  factor  supplements  in  day  old  chicks  found  that  an  APP 
supplement  (Merck  #3)  containing  vitamin  hut  relatively 
little  antibiotic,  increased  the  rate  of  gain  over  the  control 
lot.  Peed  efficiency  was  also  increased  over  the  controls.  It 
was  found  that,  with  two  week  old  chicks  this  supplement  caused 
chicks  to  grow  even  faster,  compared  to  other  supplements,  than 
during  the  early  period.  They  concluded  that  this  supplement 
owes  its  growth  promoting  activity  chiefly  to  Its  content  of 
vitamin  and  that  a  large  fraction  of  the  vitamin  require¬ 
ment  for  normal  growth  during  the  first  two  weeks  from  hatching 
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may  have  been  supplied  by  a  carryover  of  vitamin  B^2  from  the 
diet  of  the  hens • 

Hill  et_  al*  (36)  using  Merck  APF  #3  show  that  0,11  per¬ 
cent  of  the  APF  supplement  maintained  a  hatchability  equal  to  that 
maintained  by  6  percent  fishmeal*  They  also  noted  that  the  birds 
receiving  no  APF  came  into  production  on©  month  later  than  the 
others*  This  group  of  birds  appeared  to  be  less  vigorous  than 
those  getting  APF. 

Some  of  the  pioneer  work  leading  to  the  feeding  of  APF 
to  swine  was  done  by  Johnson  and  Neumann  (38)  who  found  that  24  to 
48  hour  old  pigs  showed  a  marker  growth  response  to  antipernieious 
anemia  liver  extract  preparations  when  they  were  added  to  a 
synthetic  type  of  ration  containing  ’’alpha  protein*1  (from  soybean) 
plus  methionine  as  a  protein  source  •  The  response,  they  believed 
did  not  appear  to  be  due  to  any  vitamin  previously  established 
as  required  by  the  pig  but  was,  they  believed,  identical  with 
the  animal  protein  factor* 

Catron  and  Culbertson  (14)  did  some  of  the  first  work 
using  the  APF  supplement  with  an  all  plant  protein  basal  ration 
for  pigs*  They  found  the  APF  to  increase  rate  of  gain  and  hence 
finish  pigs  up  to  20  days  earlier  for  market*  They  also  found 
feed  efficiency  to  be  increased  from  7  to  10  percent •They  seated 
that  from  a  nutritional  standpoint,  concentrated  APF  can  largely 
replace  such  animal  proteins  as  condensed  fish  solubles,  fish 
meal,  meat  scraps  and  tankage  but  recommend  that,  because  animal 
proteins  usually  are  of  better  quality  and  contain  other  nutri¬ 
ents  not  found  in  plant  proteins,  best  results  could  be  obtained 
by  feeding  animal  protein  plus  APF. 
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In  an  Initial  experiment  by  the  author  (5)  using  oat 
and  barley  rations  supplemented  with  either  a  mixed  animal- 
vegetable  or  an  all  vegetable  protein  supplement,  it  was  found 
that  Merck  APF  (12.5  mg.  of  vitamin  activity  per  pound) 
added  at  the  rate  of  50  gm.  per  100  pounds  of  ration, increased 
average  daily  gains.  Feed  efficiency  was  Increased  slightly 
in  the  overall  period,  a  more  noticeable  increase  in  feed  effic¬ 
iency  being  noted  in  the  finishing  period  than  in  the  growing- 
period.  This  was  believed  due  to  the  pigs*  starting  the  experim 
ment  with  a  storgge  of  vitamin  There  was  a  slight  indica¬ 

tion  that  carcass  quality  was  lowered  by  feeding  the  animal 
protein  factor.  Vohs  et_  al.(71)  on  the  other  hand  found  no 
deterioration  in  carcass  quality  when  a  similar  supplement  was 
fed. 

Dyer  et  al.151)  found  that  a  basal  ration  containing 
solvent  extracted  soybean  oil  meal  was  not  Improved  by  the 
addition  of  either  choline  chloride  or  Merck  APF.  However, when 
both  were  fed  growth  rate  was  significantly  increased. 

The  value  of  a  vitamin  concentrate  (Merck  #3)  for 
sows  was  studied  by  Anderson  and  Hogan  (1)  who  found  that  this 
vitamin  B-^2  concentrate  fed  to  the  sows  at  the  rate  of  10  micro¬ 
grams  of  vitamin  B-j^>  per  pound  of  feed  increased  the  percentage 
of  suckling  pigs  weaned  as  well  as  their  weaning  weights  when 
compared  to  pigs  weaned  from  sows  fed  no  APF. 

Since  the  APF  Is  believed  by  some  Investigators  to  con¬ 
tain  vitamin  B^3  it  Is  of  interest  to  point  out  some  findings 
concerning  this  vitamin.  Cunha  jet  ajL.  (23)  present  evidence 
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to  show  that  vitamin  B13,  after  an  initial  laps©  of  l\$  days, 
produced  a  marked  increase  in  rate  of  gain  over  controls  getting 
APP  #3,  thus  indicating  that  B-jj  is  also  a  factor  stimulating 
growth  for  the  pigs,  (This  does  not  prove  that  there  is  no 
vitamin  in  the  APP  however,)  Cunha  et  al,  (25)  showed  that 

APF  #5  contained  a  factor  in  addition  to  antibiotic  and  vitamin 
B ]p  which  promoted  growth  and  had  a  sparing  action  on  the 

vitamin  needs  of  the  pig.  Both  these  groups  of  investigators 
found  that  a  variation  existed  in  the  length  of  time  required 
before  vitamin  8^3  supplementation  began  to  increase  the  rate 
of  gain,  perhaps  indicating  that  vitamin  is  stored  in  the 
pig. 

Animal  Protein  Factor  Supplements  Including  Antibiotics 

Hill  and  Branion  (35)  in  comparing  commercial  APP 
supplements  found  that  APF  #5  caused  an  increase  in  rate  of 
gain  on  day  old  chicks  over  that  produced  by  APP  #3*  When  the 
chicks  were  two  weeks  of  age  the  supplements  both  produced  equal 
gains.  The  difference  in  behavior  they  believe  is  readily  ex¬ 
plained  if  it  is  assumed  that  the  APP  #3  supplement  in  contrast 
to  APF  #5  owes  its  growth  promoting  activity  to  its  content  of 
vitamin  and  that  the  chicks  up  to  two  weeks  of  age  had 
sufficient  carryover  to  last  them  until  that  time.  The  APF  #5 
therefore  owes  its  growth  promoting  effect  to  vitamin  Plus 
another  factor. 

This  same  "additional  effect"  was  noticed  by  Vohs  et  al, 
(71)  who  fed  APF  #5  to  pigs  on  a  corn-soybean  oil  meal  basal  diet. 
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Hlghly  significant  increases  in  gain  were  obtained  by  the 
addition  of  oljij.  and  .66  percent  APP  supplement  respectively. 

They  conclude  similarly  that  this  APP  supplement  contained 
factors  other  than  vitamin  019  those  present  in  a  dried  whey 
(which  was  also  fed)  as  evidenced  by  the  increased  growth  rate, 
improved  feed  efficiency  and  absence  of  scouring  in  the  two 
groups  receiving  the  APF  supplement. 

Groschke  and  Evans  (32)  undertook  a  study  to  determine 
the  effect  of  antibiotics  on  chick  growth  and  to  ascertain 
whether  such  activity  might  explain,  in  part,  the  growth  promot¬ 
ing  properties  of  the  fermentation  product  used  by  Stokstad 
et  al.  (70).  Using  vitamin  B ^  depleted  chicks  they  found  that 
supplementation  with  synthetic  B  vitamins,  vitamin  strepto¬ 

mycin  and  aureomycin,  each  produced  a  favorable  effect  on  chick 
growth.  The  greatest  response  was  from  vitamin  That  each 

substance  wa3  specific  in  action  was  indicated  by  an  additive 
effect  on  the  growth  responses  resulting  from  combination  of 
supplements.  Feed  efficiency  showed  a  similar  pattern.  Highest 
gains  were  obtained  when  the  B  vitamins  and  vitamin  were  fed 
in  combination  with  streptomycin  or  aureomycin.  The  gain  pro¬ 
duced  by  the  APF  #5,  while  bettor  than  that  of  vitamin  B\2  alone, 
wa3  about  of  the  same  magnitude  as  that  obtained  from  a  combina¬ 
tion  of  vitamins  and  vitamin  or  vitamin  B with  streptomycin 
or  aureomycin.  It  would  seem  from  these  results  that  the  growth 
promoting  properties  of  the  APF  supplement  could  be  explained 
on  the  basis  of  its  vitamin  Bj_2  anc*  aureomycin  content. 
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Working  with  both  chicks  and  turkey  poults  McGinnis  et 
al.  (ij-7)  found  that  aureomycin  and  streptomycin  added  as  either 
crude  concentrates  or  as  crystalline  antibiotics  to  a  soybean- 
fishmeal  supplemented  diet,  increased  growth  rate  signif icantly 
over  that  obtained  with  vitamin  alone.  They  also  showed 
that  injection  of  antibiotics  into  the  breast  muscles  was  com¬ 
pletely  ineffective  in  producing  a  growth  response, 

Stokstad  et  al_,  (70)  showed  that  an  animal  protein 
factor  supplement  made  from  cultures  of  Streptomyces  aureofaciens 
produced  a  growth  response  in  chicks  which  was  greater  than  the 
maximum  response  obtainable  with  vitamin  B^2*  Crystalline 
aureomycin  hydrochloride  gave  a  good  response,  Aureomycin  fer¬ 
mented  whole  mash  was  also  heated  with  0,5  N  sodium  hydroxide 
without  destroying  the  growth  promoting  activity  although  all 
the  aureomycin  had  been  destroyed.  They  believe  that  it  seems 
unlikely  that  all  the  growth  promoting  activity  of  the  fermented 
mash  can  be  accounted  for  on  the  basis  of  its  aureomycin  content, 

A  level  of  100  mgs,  of  streptomycin  gave  a  partial  increase  in 
growth,  while  significant  responses  with  aureomycin  were  obtained 
with  levels  as  low  as  25  mgs,  per  kilogram  of  diet,  A  response 
was  obtained,  however,  when  300  mgs.  of  streptomycin  was  fed  per 
kilogram  of  diet.  This  indicates  the  relative  value  of  these 
two  antibiotics  in  nutrition, 

Luecke  £t  al.  (Ij.1)  were  among  the  first  to  demonstrate 
that  a  crude  vitamin  concentrate  (APF  #5)  containing  anti¬ 
biotic  would  exhibit  a  growth  stimulating  effect  on  weanling 
pigs  fed  a  diet  in  which  the  protein  source  was  entirely  of 
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plant  origin*  They  also  demonstrated  that  feed  efficiency  is 
increased  by  the  audition  of  this  APF  to  the  ration  at  0.5  percent. 

A  very  comprehensive  study  of  the  effect  of  APF  plus 
antibiotic  in  swine  rations  (corn,  peanut  meal  type)  was  carried 
out  by  Cunha  et  al.  (21 j_).  ^  These  experiments  ran  from  35  to  87 
days  in  length.  aPF  containing  from  1.2  to  ip.  0  gm.  of  aureo- 
mycin  and  from  0.8  to  2.0  mgs.  of  vitamin  B]_2  per  pound  was  fed 
at  the  rate  of  from  0.5  to  2.2  percent  of  the  ration.  They 
found  rate  of  gain  to  be  increased  by  from  0.3  to  1.0  pounds 
per  day.  Feed  saved  per  100  pounds  of  gain  ran  from  l6  to  190 
pounds.  Hemoglobin  levels  were  increased  by  from  1.2  to  4*1 
grams  per  100  ml  . ,  more  pronounced  increases  occurring  when  fed 
for  the  longer  periods.  Because  efficiency  of  feed  utilization 
was  not  closely  associated  with  rate  of  gain  they  believe  that 
some  factors  other  than  the  vitamin  B]_2  or  aureomycin  content  of 
the  APF  was  responsible  for  differences  in  efficiency.  Indi¬ 
vidual  variation  as  to  requirements  and  storage  differences  at 
the  start  of  the  experiment  are  suggested  as  possible  reasons. 

APF  was  found  to  benefib  the  pig  throughout  the  entire  growing- 
fattoning  period. 

Lepley  e_t  al.  (44)  found  similar  results  using  dried 
whole  uureomycin  mash.  They  Oot  an  increased  rate  of  gain  when 
they  added  this  product  to  a  ration  containing  meat  and  bone 
scrap.  They  also  found  that  the  average  daily  gain  of  the  pigs 
getting  APF  on  alfalfa  pasture  wus  significantly  greater  than 
that  of  the  pigs  getting  APF  in  dry-lot,  the  alfalfa  supplying 
nutrionts  not  found  In  the  aureomycin  mash.  They  state  that 
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about  90  percent  of  the  increased  gain  obtained  by  the  addition 
of  the  APF  or  meat  and  bone  scraps  was  due  to  increased  quantity 
of  feed  eaten.  Only  about  10  percent  of  the  Increased  gain  was 
due  to  the  quality  of  the  feed.  They  also  found  that  either 
aureomycin  or  other  natural  factors  present  in  the  APF  helped 
control  diarrhea.  In  contrast  to  results  obtained  by  Cunha  et 
al.(24)  these  investigators  obtained  no  significant  differences 
in  daily  gains  of  depleted  and  non-depleted  pigs. 

Cunha  ejt  al.(24)  using  runty  pigs  reported  that  APF 
(Pfizer)  containing  terramycin  , significantly  improved  daily 
gains.  Aureomycin  also  significantly  increased  daily  gains  but 
vitamin  B-^2  had  no  effect.  They  found  that  pigs  receiving  aureo¬ 
mycin  were  more  uniform  in  size,  more  thrifty  in  appearance  and 
exhibited  less  scouring  than  the  pi&s  on  the  other  treatments. 

Jukes  £t  al.(39)  were  the  first  to  prove  that  antibiotics 
had  a  definite  growth  effect.  In  feeding  weanling  pigs  they 
found  that  100  mgs.  of  aureomycin  hydrochloride,  50  micrograms 
of  vitamin  B^2  plus  100  mgs.  of  aureomycin  hydrochloride,  or 
20  gm.  of  APF  (dried  S.  aureof aclens )  per  kilogram  of  diet  pro¬ 
duced  equal  average  daily  gains  (.87  lb.)  while  pigs  getting  50 
micrograms  of  crystalline  vitamin  B^2  gained  at  a  lower  rate 
(  .67  lb.) . 

Luecke  ejfc  _al.(42)  found  that  the  addition  of  12.5  micro¬ 
grams  of  vitamin  B^2  per  pound  of  feed  increased  average  daily 
gains  by  10  percent  over  the  controls.  Both  vitamin  B^2  and  0.5 
percent  streptomycin  and  APF  (  Lederle  )  at  0.5  percent 
caused  75  percent  increases  in  gains  over  controls.  They 
used  a  corn-soybean  type  of  ration  and  (over) 
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noticed  that  the  feces  of  those  lots  getting  antibiotic  or  APP 
(Lederle)  were  normal  as  compared  to  soft  and  pasty  feces  found 
in  the  control  group,  and  the  group  getting  the  vitamin  B^. 

Brown  and  Luther  (10)  report  that  as  little  as  three  parts 
per  million  of  antibiotics  support  significant  positive  growth 
on  a  balanced  all  vegetable  ration  containing  vitamin  B^o*  They 
found  that  penicillin  rapidly  loses  its  antibiotic  activity  in  the 
high  moisture  content  of  mixed  feeds. 

In  order  to  compare  the  various  antibiotics  used  in 
swine  nutrition  from  the  standpoint  of  average  daily  gains, 

Luecke  _©t  al.  (43)  fed  streptomycin,  neomycin,  aureomycin  and 
penicillin  at  the  rate  of  10,  10,  10,  and  1  mgs.  per  pound  of 
feed  respectively.  While  streptomycin  increased  the  rate  of  gain 
slightly  over  controls  getting  no  additional  B  vitamins,  the  addi¬ 
tion  of  either  streptomycin  or  neomycin  produced  no  additional 
growth  response  when  fed  to  controls  getting  B  vitamins  (niacin, 
calcium  pantothenate  and  riboflavin) •  The  addition  of  aureomycin 
or  penicillin  produced  a  significant  growth  response  over 
the  B  vitamin  supplemented  ration.  On  the  basis  of  this  experi¬ 
ment  aureomycin  and  penicillin  appear  far  superior  to  strepto¬ 
mycin  or  neomycin  for  supplementing  rations  for  growing  pigs. 

Nesheim  ejt  al.(52)  fed  baby  pigs  on  a  30  percent  vitamin- 
free  casein  synthetic  milk  diet,  100  mgs.  of  aureomycin, penicillin 
or  streptomycin  per  kilogram  of  dry  matter  and  found  no  increase 
in  rate  of  gain  or  feed  efficiency.  In  a  previous  experiment 
average  daily  gain  and  efficiency  of  feed  utilization  of  the 
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pigs  receiving  streptomycin  (500  mg  .  per  kilogram  of  dry  matter 
consumed)  on  a  30  percent  alpha  protein  synthetic  milk* were 
increased  to  a  highly  significant  degree  over  the  basal  lot. 

Barnhart  (3)  fed  APF  to  pigs  on  pasture.  A  corn- soybean 
oil  meal  ration  was  supplemented  with  either  6  percent  meat  scrap, 

6  percent  dried  distiller* s  solubles  or  0.25  percent  APF.  Crude 
protein  was  the  same  in  all  rations.  When  grazing  iadlno  the  average 
daily  gains  were  1.87,  1.84  and  1.89  pounds  respectivelyf while 
grazing  alfalfa  the  average  daily  gains  were  1.86,  1.91  and  1.94 
pounds  respectively.  Thus  0.25  percent  replaced  6  percent  meat 
scraps  or  6  percent  dried  distiller* s  solubles  as  far  as  rate  of 
gain  is  concerned. 

Catron  e_t  al.(16)  fed  aureomycin  at  0,  5,  10,20  and  40 
mgs.  per  pound  of  an  all  plant  basal  ration  with  and  without  10 
micrograms  of  vitamin  B^2*  Piga  receiving  vitamin  Bi2  made  signi¬ 
ficantly  greater  average  daily  gains  than  the  controls.  The  addition 
of  aureomycin  at  all  levels  resulted  in  significantly  greater 
average  daily  gains.  They  found  no  differences  in  feed  efficiency. 
Less  scouring  was  noticed  in  lots  receiving  aureomycin. 

Carpenter  (12)  studied  the  effect  of  aureomycin  on  un¬ 
thrifty  weanling  pigs  having  an  enteritic  type  of  diarrhea. Feed 
efficiency  was  increased  from  6.4  to  3.1  pounds  of  feed  per  pound 
of  gain  by  the  addition  of  dietary  supplements  containing  aureo¬ 
mycin.  Lederle  APF  (4.2  mg  •  of  aureomycin  per  gn.)  at  0.2  per¬ 
cent  also  Increased  feed  efficiency.  Aureomycin  fed  at  a  level 
of  1.25  gm.  per  100  pounds  of  feed  gave  the  same  growth  stimu¬ 
lation  as  an  equivalent  amount  of  Lederle  APF  concentrate, 
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and  as  a  combination  of  vitamin  B]_2  and  pure  aureomycin, 
suggesting  that  the  "plus"  factor  in  APP  concentrates  is 
an  antibiotic.  They  conclude  also  thatwdisease  level"  or 
intestinal  flora  have  an  important  bearing  on  dietary  re¬ 
quirements  of  vitamin  Here  again  it  was  noticed  that 

pigs  receiving  antibiotics  showed  less  diarrhea. 

The  effect  of  APF  concentrates  on  gestating  and 
lactating  sows  was  studied  by  Carpenter  et.  al  (13).  After 
a  56  day  lactation  period  the  pigs  weaned  by  the  control 
dams  averaged  24.9  pounds  compared  to  36  pounds  for  the 
pigs  weaned  by  the  test  dams  receiving  0.5  percent  Lederle  APP. 
However,  since  rolled  oats  containing  one  percent  APF  was 
fed  to  the  litters  from  the  APF*fed  sows  and  not  to  the  litters 
of  the  control  sows*  it  cannot  be  said  that  the  beneficial 
effect  was  due  to  the  dams  getting  APF.  Sows  in  the  two 
groups  farrowed  the  same  number  of  pigs,  weighing  the  same 
on  the  average.  They  also  fed  other  pigs  rolled  oats  contain¬ 
ing  2,  4,  and  8  gm.  of  aureomycin  per  100  pounds  of  feed 
and  obtained  weaning  weights  of  33.1,  31.3  amd  31.5  pounds 
respectively  as  compared  to  21.9  pounds  for  the  control 
litters  • 

In  a  study  of  the  effect  of  APF  on  carcass  quality  Vohs 
et  al. (71)  state  that  Lederle  APF  supplement  had  little  if  any 
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Influence  on  the  depth  of  back  fat.  However,  the  averages 
shown  Indicate  that  APP  fed  pigs  had  a  thicker  layer  of 

back  fat. 

Lederle  APP  (  with  antibiotic)  has  been  fed  to  other 
classes  of  livestock  with  interesting  results.  Hushoff  (64) 
found  that  dairy  calves  on  pasture  fed  Lederle  APP  containing 
aureomycin  outg&ined  the  control  group.  The  outstanding  feature 
between  the  two  groups  was  the  smooth  hair, sleek, solid  muscular 
appearance  of  the  APP  fad  calves  and  the  rougher  appearance 
and  larger  middles  of  the  control  group.  Bartley  et  al.  (4) 
fed  Lederle  APP  by  capsule  at  the  rate  of  3  gm.  per  100  founds 
of  body  weight  to  dairy  calves.  They  gained  considerable  fast¬ 
er  than  the  controls.  Since  those  treated  grew  at  normal  rates 
for  the  breed,  these  men  concluded  that  the  APP  concentrate 
appeared  to  enhance  growth  hy  preventing  scours. 

Bell  e_t  al.  (6)  fed  crystalline  aureomycin  to  steers 
at  0.6  gm.  per  day*  This  caused  anorexia  and  diarrhea.  When 
fed  at  0.2  gm.  per  day  It  decreased  apparent  digestibility 
of  dry  matter  and  crude  fiber  by  as  much  as  15  and  50  percent 
respectively,  suggesting  that  aureomycin  produced  an  effect 
on  the  cellulytic  microorganisms  in  the  digestive  tract. 

Y/orking  with  lambs,  Colby  et  al.(19)  fed  aureomycin, 
streptomycin  and  penicillin  at  the  rate  of  100  mp;  •  dally, 
orally  by  capsule.  All  lambs  lost  weight.  Aureomycin  was  the 
most  severe, followed  in  order  by  penicillin  and  streptomycin. 
Results  using  smaller  amounts  of  antibiotics  in  sheep  nutrition 
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have  not  as  yet  appeared  in  the  literature. 

Block  and  Bratzler  (7)  found  AFP  with  antibiotics  to 
increase  efficiency  of  gains  in  rats.  There  was  a  greater 
efficiency  in  males  than  in  females. 

Possible  Modes  of  Action  of  Antibiotics 

Groschke  and  Evans  (32)  offer  some  explanation  as  to 
the  action  of  antibiotics.  The  failure  of  injected  aureomycin 
to  increase  growth  (McGinnis  et  al.  (ip7 ) )  shows  that  this  sub¬ 
stance  does  not  act  like  a  vitamin  for  the  chick.  They  state 
that  Moore  e_t  al.  (50)  found  that  orally  administered  strepto¬ 
mycin  brought  about  a  marked  reduction  in  coliform  bacteria  in 
the  feces  of  chicks.  This  finding  suggests  that  the  growth 
effect  from  antibiotics  is  mediated  in  some  way  through  a  changed 
intestinal  microflora.  It  is  assumed  that  some  types  of  bacteria 
rob  the  host  of  a  part  of  the  ingested  nutrients  for  their  own 
nutrition,  thus  it  seems  reasonable  to  expect  that  nullifica¬ 
tion  of  such  types  with  an  antibiotic  would  lead  to  increased 
growth  of  the  animal  by  virtue  of  the  availability  of  a  greater 
quantity  of  nutrients.  The  possibility  cannot  be  ignored, 
however,  that  antibiotics  may  aid  in  the  establishment  of  a 
favorable  type  of  bacteria  (a  selective  bacteriostatic  agent) 
which  stimulate  growth  in  the  host  as  a  result  of  intestinal 
synthesis  of  unidentified  factors  required  by  the  chick. 

Groschke  e_t  al.  (33)  secured  evidence  which  suggests  that  the 
"whey  factor"  (possibly  vitamin  B-^)  may  be  one  of  the  factors 
synthesized  by  the  desirable  type.  Moreover,  in  combination 
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with  streptomycin,  the  five  B-complex  vitamins  (thiamine, 
calcium  pantothenate,  pyridoxine,  folic  acid  and  biotin)  appear 
to  greatly  augment  intestinal  synthesis  of  the  "whey  factor." 

Other  theories  on  the  action  of  antibiotics  are  that 
they  lower  the  latent  level  of  infection  in  the  intestine 
resulting  in  a  healthier  animal,  or  that  in  some  way  they  cause 
an  increase  in  appetite  resulting  in  a  larger  proportion  of  the 
feed  ingested  being  converted  into  meat,  another  theory  is 
that  antibiotics  inhibit  the  growth  of  organisms  which  produce 
toxic  substances. 


EXPERIMENTAL 

Experiment  A 

Effect  of  Feeding  APF  to  Growing-Pat  toning  Pia;s 

Forty-two  purebred  Yorkshire  weanlings  pigs  were 
selected  for  this  experiment  .  They  were  divided  as  evenly 
as  possible  on  the  basis  of  sex,  weight  and  litter  into  six 
lots.  At  the  time  of  going  on  experiment  they  averaged  30  pounds 
in  weight  and  65  days  of  age.  These  groups  were  housed  in  a 
shed  type  piggery  under  dry-lot  conditions  and  had  no  access  to 
soil.  The  pigs  wore  self -fed  and  had  access  to  water  at  all 
times. 


The  rations  wore  as  follows: 
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Basal  B 


Basal  A 


Growing 

Finishing 

Growing 

Finishing 

(to  125  lb.) 

(to  200  lb.) 

(to  125  lb.) 

(to  200  lb 

Oats 

25 

36 

25 

36 

Barley 

63 

58 

63 

58 

Meat  scrap 

6 

3 

Soybean  oil  meal 

- 

6 

3 

Linseed  oil  meal 

3 

1.5 

3 

1.5 

Alfalfa  meal 

1.8 

•9 

1.8 

.9 

Salt 

.6 

.3 

•  6 

.3 

Limestone 

.6 

.3 

.6 

.3 

100  lb  . 

100  lb  . 

100  lb  . 

100  lb 

Protein 

13. 5% 

ll*6$ 

12.851 

11.  w 

The  rations  were  fed  as  follows: 

Lot  #1  -  Basal  A 

Lot  #2  -  Basal  A  plus  50  gm.  of  APF  #1#  per  100  pounds  of  ration*. 

Lot  #3  -  Basal  A  plus  0.5  pounds  of  APF  #2#-*  per  100  pounds  of 

v  ration* 

Lot  #4.  -  Basal  B 

Lot  #5  -  Basal  B  plus  50  gnu  of  APF  #1  per  100  pounds  of  ration* 
Lot  #6  -  Basal  B  plus  0*5  pounds  of  APF  #2  per  100  pounds  of  ration* 
During  the  growing  period  each  group  received  vitamins  A 
and  D  in  the  form  of  feeding  oil*  Each  pig  received  10,000  I.U* 
of  vitamin  A  and  1,800  I.U.  of  vitamin  D  daily, on  the  average. 

all  pigs  were  weighed  at  two  week  intervals  and  feed  con¬ 
sumption  determined  at  that  time.  On  reaching  approximately  200 


■WAPF  #1  contained  12*5  milligrams  of  vitamin  B^2  activity  per 
pound  and  was  supplied  through  courtesy  of  Merck  and  Company* 
##APF  #2  contained  1*8  milligrams  of  vitamin  B-±2  activity  per 
pound  and  was  supplied  through  courtesy  of  the  Lederle  Labora¬ 
tories  Division  of  the  American  Cyanamid  Company,  New  York,  N.Y. 
This  supplement  is  defined  as  "a  dried  fermentation  product 
obtained  by  culturing  S.  aureofaclons  on  a  medium  adapted  to 
to  the  production  of  animal  protein  factor,  together  with  dia- 
tomaceous  earth,  extracted  soybean  oil  meal  and  starch*’*  This 
supplement  contained  5  gm.  °f  aureomycin  hydrochloride  per  lbo 
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pounds  the  pigs  were  shipped.  All  carcasses  were  graded  by 
the  Dominion  Government  hog  carcass  grading  standards  and  in 
addition  were  scored  according  to  Advanced  Registry  standards. 

In  this  way  any  outstanding  differences  in  carcass  quality  between 
the  groups  could  be  determined. 

Results 

As  indicated  in  Table  VII,  during  the  growing  period  the 
APP  #1  failed  to  increase  significantly  the  rate  of  gain  on 
either  the  animal  or  vegetable  protein  supplemented  rations. 

APP  #2,  on  the  other  hand,  produced  gains  significantly  greater 
than  the  controls  and  the  controls  plus  APP  #1  on  both  types  of 
rations. 

There  was  no  significant  difference  in  gains  produced 
between  rations  1  and  I|.  or  between  rations  3  and  6,  indicating 
that  in  this  case  the  animal  protein  supplemented  ration  was 
not  significantly  superior  to  the  vegetable  protein  supplemented 
ration.  While  this  difference  was  not  significant  there  was  a 
slight  trend  to  indicate  that  the  vegetable  protein  supplemented 
ration  produced  slightly  slower  gains  than  the  animal  protein 
supplemented  ration,  and  that  by  supplementing  with  either 
APP  #1  or  APP  #2  this  small  difference  disappeared. 

While  no  statistically  significant  differences  could 
be  determined,  since  no  individual  feeding  was  done,  several 
conclusions  may  be  drawn  from  the  results  in  Table  VII. 

In  general,  the  vegetable  protein  supplemented  lots  were 
more  efficient  than  the  corr esponding  animal  protein  supplemented 
lots.  The  lot  receiving  the  vegetable  protein  ration  (basal) 
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was  very  efficient.  This  is  in  agreement  with  the  results  of 
a  previous  experiment  in  which  a  similar  ration  was  used. 

APP  #1  improved  feed  efficiency  slightly  in  the  animal  protein 
supplemented  ration  but  failed  to  improve  the  vegetable  protein 
supplemented  ration.  The  addition  of  APP  #2  resulted  in  approx¬ 
imately  a  10  percent  increase  in  feed  efficiency  on  both  rations. 

In  this  period  the  APF  #1,  when  added  to  the  animal  protein 
ration*  saved  52,5  pounds  of  feed  for  each  pound  of  the  supple¬ 
ment  used,  while  APF  #2  per  pound  saved  around  20  pounds  of  feed 
on  both  rations.  Using  these  figures,  the  economics  of  feeding 
these  supplements  can  be  ascertained. 

Data  on  the  finishing  period  appear  in  Table  VIII. Because 
of  a  marked  degree  of  individual  variation  In  gains,  some  of  the 
average  daily  gains  which  appear  to  differ  greatly  were  not  found 
to  be  significant. 

t 

APP  #2  significantly  increased  average  daily  gains  of  pigs  on 
both  rations.  APF  $1  approached  significance  in  increasing 
average  daily  gains  of  pigs  receiving  the  vegetable  protein 
supplemented,  ration,  but  the  increase  in  gain  that  It  produced 
when  added  to  the  animal  protein  supplemented  ration  was  not 
found  to  be  significant.  Here  again,  no  significant  differences 
would  be  found  between  the  vegetable  and  animal  protein  supple¬ 
mented  lots.  It  Is  of  interest  to  note  that  the  lot  receiving 
the  APP  #1  grew  as  fast  as  the  lot  receiving  APP  #2  in  the  vege¬ 
table  protein  supplemented  rations. 

Addition  of  APF  #1  caused  an  Increase  in  feed  efficiency 
of  approximately  6  percent  while  APF#2  increased  feed  efficiency  by 
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TABLE  VIII 

Results  of  Finishing  Period 
(12'£  to  200  lb.) 
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7  percent  over  the  animal  protein  supplemented  controls.  In  the  case 
of  the  vegetable  supplemented  ration  APF  #1  Increased  efficiency 
by  8  percent  as  compared  to  around  4  percent  for  APF  #2.  In  this 
period  APF  #1  saved  from  52  to  75  pounds  of  feed  while  APF  #2  saved 
from  7  to  24  pounds  of  feed  per  pound  of  supplement  used. 

A  summary  of  the  total  period,  shown  in  Table  IX. Indicates 
that  during  the  entire  period  APF  #2  increased  the  average  daily 
gain  significantly  in  both  rations  over  that  produced  when  APF  #1 
was  added,  and  produced  highly  significant  increased  rates  of  gain 
over  both  control  lots.  The  APF  #1  concentrate  failed  to  produce  a 
significant  Increase  in  rate  of  gain  over  controls,  (see  Figure  3) 

In  general,  APF  #1  increased  feed  efficiency  slightly  over 
controls  while  the  addition  of  APF  #2  caused  a  further  increase  in 
feed  efficiency.  APF  #1  caused  a  maximum  Increase  of  only  4  percent 
in  feed  efficiency  while  APF  #2  increased  feed  efficiency  from  6  to 
7  percent.  In  general,  all  vegetable  protein  supplemented  rations 
were  more  efficient  in  producing  gains  than  the  corresponding 
animal  protein  supplemented  rations. 

For  the  overall  period  APF  #1  saved  from  14  to  39  pounds  of 
feed  and  APF  #2  from  13  tO'  16  pounds  of  feed  for  each  pound  of  the 
APF'  supplement  used. 

Reference  to  Table  X  shows  that  there  is  little  if  any 
Improvement  in  hemoglobin  levels  resulting  from  the  addition  of 
either  of  the  APF  supplements  used  in  this  experiment.  The 
average  hemoglobin  levels  of  all  lots  were  within  the  normal  range. 
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Plate  I 


a.  Pigr  on  right  received 
A.P.F.  #2  (Lot  6)  while 
pig’  on  left  received 
no  A.P.F.  (  Lot  4) . 


b  ♦ 


Pig  on  left  received  A.P.F. 

#2  (Lot  6)  while  pig  on  right 
received  no  A.P.F. (Lot  4). 

(Note  richness  of  pig  at  left). 


c.  Pigs  on  right  received 
A.P.F. #2  (Lot  6)  while 
pigs  on  left  received 
no  A .P .F.  ( Lot  4) • 
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TABLE  IX 

Results  of  Total  Period 
(30  to  260  lb,  in  weight ) 
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Figure  3 


Growth  rate  curves  were  plotted  on  the  basis  of  the 
average  weight  of  all  pigs  in  each  lot  at  a  particular  time, 
regardless  of  whether  or  not  they  had  been  marketed*  In  this 
manner  all  curves  start  at  the  average  weight  of  the  individual 
pig  in  each  group  at  the  beginning  of  the  trial  and  end  at 
approximately  the  200  pound  mark,  the  average  weight  at  which 
the  pigs  were  marketed*  In  order  to  clarify  the  picture  for 
comparison  purposes, the  time, in  days  on  test, at  which  the 
first  pigs  were  marketed  in  each  lot  is  given  below* 


Lot#  Days  on  test  at  which  Number  to  leave 
_  first  pigs  were  marketed  at  that  time 


1 

2 


119 


1 

1 

1 

2 
2 
2 


132 

119 


6 


10, 


It  is  thus  evident  that, for  strict  comparison  of 


growth  rates  of  the  lots, on  a  seven  pig  per  lot  basis  that 
portion  of  the  graph  before  the  <)6th  day  should  be  used* 


AV.  WEIGHT,  LB- 
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Figure  3.  Growth  Rates  of  the  Pigs  Receiving  the  Various  Rations 


in  Experiment  A. 
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Table  XI  indicates  that  the  carcasses  of  pigs  fed 
APF  #1  showed  little  difference  when  compared  with  carcasses  of 
control  pigs.  APF  #2,  on  the  other  hand,  appears  to  have  had 
some  effect  on  carcass  quality.  The  differences  in  shoulder 
fat  between  lots  4  and  6  are  significant,  while  the  difference 
between  lots  1  and  3  approaches  significance.  As  a  general 
approximation  it  may  be  stated  that  APF  #2  caused  pigs  to  have 
a  10  percent  increase  in  back  fat  thickness.  The  APF  #2  fed 
pigs  are  shorter  than  the  pigs  in  the  other  lots,  although  not 
significantly  so. 

Advanced  Registry  scores  are  given  in  Table  XII.  ?ihile 
application  of  the  "t”  test  failed  to  show  any  significance 
in  the  differences  between  the  scores  for  the  six  lots,  some 
general  observations  may  be  noted.  These  scores  indicate  that 
the  APF  fed  lots,  particularly  the  lots  fed  APF  #2,  scored 
lower  than  those  lots  receiving  no  APF.  The  lots  receiving 
APF  #1  scored  from  5  to  6  percent  lower  than  the  controls, while 
those  receiving  APF  #2  scored  from  10  to  16  percent  lower  than 
the  controls.  Pigs  receiving  APF  #2  lost  points  largely  on 
backfat  and  length. 
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TABLE  XI 

Summary  of  Carcass  Grades  and  Measurements 
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TABLE  XII 

Advanced  Registry  Carcass  Scores 
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Discussion 

The  fact  that  APF  #1  (  containing  bitamin  B-j^)  failed  to 
increase  growth  rate  during  the  growing  period,  while  it  did 
increase  the  growth  rate  of  pigs  on  the  vegetable  protein  supple¬ 
mented  ration  for  the  finishing  period,  may  indicate  that  the  pigs 
had  enough  storage  of  vitamin  to  last  them  for  the  growing 
period  only  (  59 »  23,  35*  2lj.) •  The  fact  that  vitamin  failed 
to  improve  tha  animal  protein  supplemented  ration  significantly 
may  be  taken  to  indicate  that  the  meat  scrap  supplied  enough 
of  the  vitamin. B-j^  to  meet  the  needs  of  the  pig#  The  APF  #1 
supplement  therefore  becomes  of  value  when  added  to  a  ration 
low  in  vitamin  B^2  content  and  when  fed  to  pigs  after  they  have 
become  depleted  of  vitamin  B^2  reserves* 

The  APF  #2,  containing  vitamin  plus  aureomycin,  pro¬ 
duced  significantly  greater  gains  over  controls  throughout  both 
the  growing  and  finishing  periods,  indicating  that  the  anti¬ 
biotic  contained  therein  caused  an  increase  in  growth  over  that 
produced  by  vitamin  The  feeding  of  this  supplement  could 

thus  prove  advantageous  throughout  the  entire  growing-finishing 
period* 

In  general,  both  APF  supplements  tended  to  Increase  feed 
efficiency,  APF#2  causing  an  increase  in  efficiency  over  that 
produced  by  APF  #1*  Based  on  the  data  of  Table  IX,  showing 
average  daily  feed  consumption  and  feed  efficiency,  it  Is  in¬ 
teresting  to  postulate  a  possible  difference  in  the  way  by 
which  the  two  supplements  promote  feed  efficiency*  In  the 
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animal  protein  supplemented  lots  those  animals  receiving  APF  #1 
ate  less  feed  than  the  controls  but  gained  faster*  Thus  it 
appears  that  they  actually  used  what  feed  they  ate  more  effici¬ 
ently*  In  the  case  of  the  APF  #2  it  appears  that  a  large  part 
of  the  increase  in  feed  efficiency  may  be  due  to  an  increase 
in,  feed  consumption*  With  resulting  Increased  feed  consumption 
a  larger  proportion  of  the  Ingested  nutrients  may  be  laid  down 
as  body  tissues.  The  figures  showing  food  efficiency  in  terms 
of  pounds  of  feed  per  100  pounds  of  gain  minimize  the  feed 
efficiency  of  the  APF-fed  lots  since  in  their  case,  more  fat 
(which  contains  a  higher  energy  value  per  unit  of  weight  than 
does  protein)  is  being  laid  down. 

It  must  also  be  borne  in  mind  that  other  factors,  in 
addition  to  whether  or  not  the  APF  saves  enough  feed  to  pay  for 
itself,  should  be  considered.  In  this  experiment  those  pigs 
receiving  API1  #2  reached  market  weight  in  considerably  less  time 
than  did  the  controls,  particularly  those  pigs  receiving  the 
vegetable  supplemented  rations.  For  the  commercial  hog  producer 
particularly,  this  would  result  in  a  considerable  saving  of 
labor.  The  fact  that  APF  #2  with  aureomycin  also  prevents 
acours  (11,  71)  ^y  mean  an  additional  benefit  from  the  stand¬ 
point  of  health,  when  this  supplement  is  fed  to  pigs  under 
conditions  where  scours  might  otherwise  be  a  problem. 

Hemoglobin  levels  failed  to  increase  with  the  addition 
of  APF  supplements.  Since  the  hemoglobin  levels  of  the  pigs 
were  within  the  normal  range,  it  may  well  be  that  vitamin  B ^ 
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will  not  give  an  increase  in  hemoglobin  levels,  except  under 
certain  deficiency  conditions. 

Carcass  data  may  be  interpreted  as  indicating  that,  in 
the  case  of  APF  #2  (containing  vitamin  and  antibiotic)  pigs 
were  forced  to  assimilate  nutrients  at  a  rate  fafcter  than 
their  genetic  capabilities  of  growing  would  normally  allow, 
with  the  result  that  excess  nutrients  had  to  be  laid  down  in 
the  form  of  fat.  (Several  of  the  pigs  gained  at  a  rate  of  over 
two  pounds  per  day.)  If  this  were  the  case  It  would  mean  that 
pigs  would  reach  market  weight  before  attaining  full  growth. 
Indication  that  such  was  the  case  is  the  fact  that  pigs  in  the 
APF  #2  fed  lots  were  shorter  on  the  average  than  their  litter- 
mates  in  the  other  lot-s.  The  higher  dressing  percentages  of 
the  APF  #2  fed  pigs  also  are  an  indication  that  the  carcasses 
were  carrying  more  fat,  particularly  in  the  lot  on  vegetable 
protein. 

From  the  data  on  the  Advanced  Registry  Scores  it  could 
not  be  recommended  that  breeders  feed  APF  supplements,  partic¬ 
ularly  APF  #2,  to  hogs  which  would  be  carcass  graded  or  where 
the  value  of  the  breeding  stock  was  being  indirectly  assessed 
by  this  method.  On  the  other  hand,  the  commercial  feeder  could 
well  afford  to  lose  a  little  money,  because  of  a  reduction  in 
carcass  quality,  if  at  the  same  time  he  could  save  more  money 
by  marketing  his  pig3  in  a  shorter  time,  thereby  reducing  labor 
cost  per  pig. 
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Experiment  B 

The  Effect  of  Feeding  a 
Vitamin  Bn p^Aureomycin  Concentrate  (APF#2) 
to  Unthrifty  Pigs 


When  it  was  noticed  that  APF  #2  (vitamin  plus  aureo- 
mycin)  had  such  a  favorable  effect  on  growth  rate  of  healthy 
pigs  it  was  decided  to  see  what  effect  this  supplement  would 
have  on  slow  growing,  Uruntyn  pigs.  With  the  healthier  pigs 
it  was  noticed  almost  from  the  start  that  their  feed  consump¬ 
tion  increased.  Within  a  short  time  these  pigs  appeared  healthier 
and  more  active  than  the  controls. 


Trial  1 


Plan  of  Experiment 

Fourteen  unthrifty  pigs,  picked  at  random  from  among 
the  poorest  of  the  more  recently  weaned  pigs,  were  divided 
into  two  groups  of  seven  pigs  each  on  the  basis  of  weight  and 
sex.  The  pigs  wore  housed  under  identical  conditions.  The 
pigs  were  watered  frequently  and  were  hand-fed  the  following 
rations  j 

Oats 
Barley 

Soybean  oil  meal 
Linseed  oil  meal 
Alfalfa  meal 
Limestone 
Salt 

APF  #2 

These  pigs  were  given  feeding  oil  at  the  same  levels 
qs  described  in  the  previous  experiment. 

The  pigs  in  each  lot  were  weighed  at  weekly  intervals 


Lot  #1 


Lot  #2 


P 

3 

1.8 

.6 

.6 

l06  lb. 


f* 

636 
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and  feed  consumption  during  the  week  was  determined,  the  pigs 
were  fed  these  rations  for  approximately  6  weeks*  after  which 
time  they  were  all  placed  together  on  pasture  and  received  no 
APF,  The  pigs  were  weighed  at  one  month  and  again  at  two  months 
following  their  heing  put  on  pasture.  This  was  done  to  determine 
whether  or  not  there  was  a  carryover  effect. 

Results 

As  shown  in  Table  XIII  and  Figure  4  the  pigs  in  lot  2 
gained  50  percent  faster  than  those  in  lot  1.  Their  average 
dally  feed  consumption  showed  a  decided  increase  over  the  consump¬ 
tion  of  the  control  lot  with  the  result  that*  by  the  end  of  the 
trial  period,  lot  2  required  some  14  percent  less  feed  to  put  on 
100  pounds  of  gain.  The  APF1  in  this  experiment  saved  34  pounds 
of  fedd  for  each  pound  of  the  concentrate  used.  After  being  put 
on  pasture  both  lots  gained  at  the  same  rate,  as  showfa  in  Table 
XI?,  Indicating  that,  while  the  APF  fed  pigs  maintained  their  lead 
over  the  controls,  the  APF  had  no  long-time  residual  effect  on 
pigs  on  pasture. 
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TABLE  XXII 

Results  of  Feeding  APF  #2 
to  Unthrifty  Pigs 


Lot  1  Lot  2 

Vegetable  Protein 

Vegetable  Protein  Supplemented  Ration 
Supplemented  Ration  plus  APF  #2 _ 


No*  of  pigs  in  lot  .... 

,  7 

,  7 

Av.  no.  days  on  experiment 

4p  . 

4°  , 

Av.  initial  weight  ... 

lb. 

2k.  6 
ip.  7 

2lj..6 

Av.  final  weight  . 

lb. 

57.7 

Av.  daily  gain  ....... 

lb. 

0.55 

0.63 

Av.  daily  feed: 

Oats  . . 

lb. 

0.46 

0.59 

Barley  . 

lb. 

1.15 

1.4.8 

Supplement  . 

lb. 

.  0.22 

0.28 

Total  . . 

lb. 

T7BJ 

2.34 

Feed,  req’d  per  100  lb. 
Oats  . . 

gain  2 

lb. 

82.5 

70.69 

Barley  . . 

lb . 

207.9 

178.14 

Supplement  . . 

lb. 

39.6 

33.93 

232:75 

Total  .  •  • . 

lb. 

330.0 

TABLE  XIV 

Weights  and  Gains  of  Lots  1  and  2 

After  Being  Put  on  Pasture 

With  No  APF 

Weight  at 
One  month- 
lb. 

Total 

Gain 

lb. 

Weight  at 

Two  Months 

lb. 

Total 

Gain 

lb. 

Lot  #1 

529 

202 

729 

200 

Lot  #2 

623 

219 

818 

195 
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Trial  2 

A  second  experiment  , similar  to  the  one  just  mentioned* 
was  carried  out  using  unthrifty  pigs,  in  order  to  check  on  the 
results  of  the  first  experiment.  The  only  difference  was  that, 
in  this  case,  after  the  initial  trial  period,  the  rations  were 

reversed. 

Results 

As  indicated  in  Table  XV  the  APF  #2  supplemented  lot 
outgained  the  controls  by  86  percent  and  increased  feed  effic¬ 
iency  by  20  percent.  One  pound  of  APF  replaced  50  pounds  of 
feed.  When  the  rations  wer9  reversed,  rates  of  gain  and  feed 
efficiency  were  also  reversed.  At  the  end  of  43  days  time  the 
group  previously  without  APF,  then  getting  APF,  outgained  the 
other  group  by  7  percent  and  had  an  increased  feed  efficiency 
of  9  percent.  It  is  also  interesting  to  note  that  the  pigs 
changed  to  APF,  after  being  without,  were  gaining  more 
efficiently  by  the  end  of  the  second  period  than  they  were  at 
the  end  of  the  first  despite  the  fact  that  they  had  more  than 
doubled  their  weight. 
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TABLE  XV 

Effects  of  Feeding  APF  #2 
to  Unthrifty  Pigs 


Lot  1 _  Lot  2 

Vegetable  Protein 

Vegetable  Protein  Supplemented  Ration 
Supplemented  Ration  _ plus  APF  #2 _ 


Period  I 


Av.  age  at  start  . . .  • 

No.  pigs  in  lot  . 

Av.  no.  days  on  experiment 
Av.  initial  weight  ....lb. 

Av.  final  weight . .lb. 

Av.  daily  gain  lb® 

Av.  daily  feed: 

Oats  . . lb® 

Barley . lb. 

Supplement  ........  lb. 

Total  . lb® 

Feed  req’d  per  100  lb.  gain: 

Oats  . lb. 

Barley . ..lb® 

Supplement  lb. 

Total . lb® 


Period  II 

No.  pigs  in  lot 

Av.  no.  days  on  experiment 


Av.  initial  weight  ...  lb. 
Av.  final  weight  •••..  lb. 

Av.  daily  gain . lb* 

Av.  daily  feed: 

Oats  .  lb. 

Barley  ••.... . lb. 

Supplement  .  lb. 

Total . lb. 

Feed  req'd  per  100  lb.  gain: 

Oats  . . lb. 

Barley .  lb. 

Supplement  •••.••..  lb. 
Total . .  lb. 


71.7 

69.1 

7 

7 

4.8 

48 

22.0 

22.1 

4-6.3 

67.7 

0.51 

0.95 

0*4-5 

0.6? 

1.13 

I.69 

0.21 

0.32 

T 779 

2758: 

88.Ll7 

70.53 

222.88 

177.74- 

4-2.47 

33.86 

353.6^ 

^82.13 

APF  added 

No  APF 

,  7 

,  7 

4-3 

4-8.3 

67.7 

113.9 

130.7 

1.57 

1.47 

1.32 

1.35 

3.32 

3.39 

0.63 

O.65 

3725 

5739 

33.9 

91.9 

211.5 

231.6 

4-0.3 

353.7 

44-. 1 
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Discussion 

Figure  4  shows  that  APF  with  antibiotic  had  a  definite 
and  almost  immediate  effect  on  rate  of  gain  of  runty  pigs.  It 
may  be  that  some  unthrifty  pigs  are  so  because  of  a  chronic  Infec¬ 
tion  of  the  intestinal  tract.  Because  these  pigs  were  born  smaller 
than  their  littermates  in  many  cases,  they  lost  out  In  the  battle 
for  food  to  the  extent  that  they  may  have  failed  to  build  up  a 
resistance  to  bacterial  invasion  of  the  intestine.  With  the  use 
of  the  APF  with  antibiotic  the  intestinal  microflora  may  be  changed 
to  a  more  favorable  state  from  the  pig’s  standpoint  as  previously 
discussed  in  the”Heview  of  Literature.” 

From  the  economic  standpoint  the  addition  of  the  APF 
supplement  saves  far  more  feed  per  pound  of  supplement  used 
when  added  to  the  rations  of  unthrifty  pigs.  While  the  cost  of 
feed  and  of  the  APF  supplement  will  help  to  determine  whether  or 
not  it  is  economically  feasible  to  feed  the  APF,  it  does  seem 
that  there  could  be  no  better  use  made  of  this  supplement  than 
of  getting  unthrifty  pigs  ”on  their  feet"  so  to  speak.  Runty 
pigs  are,  from  a  practical  standpoint,  more  of  a  liability  than 
an  asset  to  the  commercial  swine  producer.  Even  if  the  feed  saved 
just  paid  for  the  APF  used,  the  saving  in  labor  would  justify  the 
feeding  of  this  supplement. 

The  fact  that  the  APF  did  not  have  a  carryover  effect  on 
pasture  may  mean  that,  when  fed  for  the  growing  period  only,  it 
would  not  have  an  adverse  effect  on  carcass  quality.  The  carry¬ 
over  effect  In  dry-lot  however,  may  present  a  different  picture 
and  further  work  will  have  to  be  done  on  this  aspect  of  the  pro¬ 
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Experiment  C 

APF  Supplementation  of  a  High  Fiber  Ration 
for  Fattening  Piras  on  Pasture 

Since  all  the  experiments  done  at  this  University, dealing 
with  the  addition  of  APF  to  swine  rations,  had  been  conducted 
under  dry-lot  conditions,  it  was  decided  to  determine  the  effect 
of  adding  the  APF  #  2  supplement  to  a  high  fiber  ration  to  be  fed 
to  swine  on  pasture.  An  experiment  (Experiment  #257  -  Animal 
Science  Department)  conducted  at  this  institution,  in  which  high 
fiber  rations  were  fed,  revealed  that  such  a  practice  improved 
carcass  quality  as  indicated  by  Advanced  Registry  scores.  In  the 
case  where  20  percent  oat  hulls  was  used  as  a  diluent,  feed 
efficiency  was  reduced  by  10  percent  and  rate  of  gain  by  5  percent. 
Because  APF  #2  (vitamin  B]_2  plus  antibiotic)  was  found  to  have  an 
adverse  effect  on  carcass  quality  but  a  beneficial  effect  on  rate 
of  gain  and  feed  efficiency,  it  was  deemed  of  interest  to  determine 
what  would  happen  when  APF  was  added  to  a  high  fiber  ration.  It 
was  hoped  that  to  some  extent  carcass  quality  as  well  as  feed 
efficiency  could  be  improved.lt  was  realized  , however,  that  rate 
of  gain  would  probably  determine  carcass  quality  since  it  is 
known  that  faster  growing  pigs  usually  tend  to  be  overfinished. 
Experimental 

Sixteen  Yorkshire  pigs  averaging  107  pounds  in  weight 
were  divided  into  groups  as  evenly  as  possible  on  the  basis  of 
type,  weight  and  sex.  These  groups  were  placed  in  oat  hay 
paddocks  Immediately  south  of  the  main  building.  Both  groups 
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wer9  changed  to  other,  identical  pastures  at  the  same  time  as 
the  oat  hay  was  consumed  or  trampled  into  the)  ground.  The  pigs 
were  housed  in  colony  houses  and  were  self  fed*  Automatic 
waterers  were  used  for  the  greater  part  of  the  experiment, and 
water  was  supplied  ad  libitum  prior  to  that. 

Rations  were  as  follows! 


Barley 

Oat  hulls 
Supplement* 

APF  #2 


Lot  #1  Lot  #2 


74 

20 

6 

100  lb. 


74 

20 

6 

100  lb. 
0.5  lb. 


The  lots  were  weighed  at  weekly  intervals  and  feed 
consumption  for  the  week  determined  at  that  time.  The  pigs  were 
marketed  at  200  pounds  in  weight  and  the  caracsses  were  graded 
by  Dominion  Government  Carcass  Grading  standards  and, in  addition, 
they  were  scored  according  to  Advanced  Registry  Standards. 


Results 

Tables  XVI  and  XVII  and  Figure  5  show  that  under  the 
conditions  of  this  experiment  the  use  of  the  APF  #2  (  with  anti¬ 
biotic)  caLised  no  improvement  In  average  daily  gains  or  in  feed 
efficiency.  A  stud^*of  carcass  data  revealed  no  significant 
differences  between  the  two  lots.  There  was,  however,  Indication 
that  the  carcasses  of  the  APF  fed  groups  were  about  10  percent 
thicker  In  the  layer  of  back  fat  than  were  tho  controls .  The  ad¬ 
vanced  Registry  scores  were  further  indication  that  there  was  a 
deterioration  of  carcass  quality  as  a  result  of  APF  feeding. 

•Burns  and  Co.  "Hog  Utility  Protein  and  Mineral  Supplement,'* 

Reg.  No.  5129,  containing  40  percent  protein. 

**  Application  of  the  "t"  test  of  significance. 
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table  XVI 

APE  Supplementation  of  a  High  fiber  Ration 
for  Fattening  Pigs  on  Pas ture 


Lot  #1 

Lot  #2 

No.  pigs  in  lot  . . 

8 

8 

Av.  no.  days  on  experiment 

66.5 

65.9 

Av.  initial  weight  . . 

106.5 

107.11 

Av.  final  weight  . 

198.8 

198.9 

Total  gain . . . . 

730 

732 

Av.  daily  gain . . 

1.39 

1.39 

Av.  daily  feeds 

Barley  •••• . 

5.55 

5.71 

Oat  hulls . . . 

1.51 

1.55 

Supplement  . 

0.14-9 

0.51 

Total . . . 

7.55 

7.77 

Feed  required  per  100  lo. 

gain: 

If  10. 79 

Barloy  ................ 

I4-00.0I4. 

Oat  hulls  . 

108.84 

111.8 4 

Supp lament  . * . 

3541 

35.59 

Total  . 

54.31 

559-22 

Total  APf  consuraad . 

mm  mm 

20.Jl7 

APE / 100  lb •  gain  ......... 

mm 

2.30 

Protein  •••••••..•• . . 

...  « 

11.8 

Fiber . . . . . . 

‘9.8 

'  .• 
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table  XVII 

Carcass  Studios  of  Pigs  Fed  APF  #2 
Receiving  a  High  Fiber  Ration 
 on  Pasture 


A. 


B. 


Carcass  Data 

Carcass  Grades  . 

Lot  #1 
( Control) 

A~iu  Bi  -4 

Lot  #2 

(0.5$  APF  added) 

A -k,  Bl  -3,  G-l 

Carcass  Type  ••••••• 

a-5,  Bi  -3 

A-4,  Bl~3* 

Hot  Carcass  Weight  # 

.lb. 

151.0 

I52.4. 

Cold  Carcass  Weight 

•  lb. 

14.6.1 

lIfB.5 

Length  of  Side  . 

in. 

29.lt 

28.7 

Fat  Measurements: 

Shoulder  . . 

in. 

1.9 

2.1 

Back  . . 

in. 

0.9 

1.0 

Loin  . . * 

in. 

1.4. 

1.5 

Belly  Grade  . . 

G 

G 

Weight  of  Cuts: 

Hams  . . 

lb. 

31.1 

31.9 

Shoulder  . . 

lb. 

354 

36.5 

Middle  •  •  • .  . . 

lb. 

60.9 

6l.l 

Weight  of: 

Head . . 

lb. 

11.1 

10.8 

Leaf  Lard  ....... 

lb. 

3.8 

4.3 

Kidney  . . 

lb. 

3. if 

3.5 

Dressing  Percent: 

Hot  Carcass  <>.... 

76.0 

77.6 

Cold  Carcass  •••• 

73.5 

74.2 

Advanced  Registry  Scores 


Length 

(20) 

Backfat 

(20) 

Balance 

do) 

Belly 

(20) 

Loin 

(20) 

Type 

(10) 

Total 

% 

Lot  #1 

7 

10 

7 

17 

11 

6 

58 

Lot  #2 

3 

7 

7 

13 

12 

6 

48 

nQne  pig  was  lofet  in  the  plant  so  that  no  A.R.  data  were  obtained# 
Averages  therefore  include  only  7  pigs  in  the  case  of  lot  2. 
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Figure  5 


Growth  rate  curves  were  plotted  on  the  basis  of  the 
average  weight  of  all  pigs  In  each  lot  at  a  particular  time, 

regardless  of  whether  or  not  they  had  been  marketed.  In  this 

s  t  ar  t 

manner  all  curves/at  the  average  weight  of  the  Individual  pig 

In  each  lot  at  the  beginning  of  the  trial  and  end  at  approx!  - 

mately  the  200  pound  mark,  the  average  weight  at  which  the 

pigs  were  marketed.  In  order  to  clarify  the  picture  for 

comparison  purposes,  the  time  in  days  on  test,  at  which 

the  first  pigs  were  marketed  in  both  lots  is  given  below. 

Lot#  Days  on  tost  at  which  Number  to  leave 

_  first  pigs  were  marketed  at  that  time 

1  47  1 

2  54  2 

It  is  thus  evident  that, for  strict  comparison  of 
growth  rates  of  the  lots, on  an  eight  pig  per  lot  basis, 
that  portion  of  the  graph  before  the  96th  day  should  be 
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Dlscusalon 

The  reason  for  this  lack  of  response  in  growth  rate 
is  not  known.  It  has  been  shown  that  crystalline  aureomycin, 
when  fed  to  steers»  caused  a  decrease  in  digestibility  of  dry 
matter  and  of  crude  fiber .(6) It  was  suggested  that  aureomycin 
had  an  adverse  effect  on  the  cellulytic  microorganisms.  How¬ 
ever  ,  since  swine  cannot  make  as  much  use  of  fiber  as  do 
cattle,  this  may  not  be  the  reason  In  this  case,  although  it 
may  be  that  it  is  a  partial  cause. 

Another  reason  may  lie  in  the  fact  that  these  pigs 
had  access  to  soil  and  that  the  aureomycin  could  not  control 
the  misroflora  in  the  intestine  when  3oil  was  being  ingested. 
Whether  or  not  the  effect  was  due  to  the  fiber  or  to  the  soil 
could  be  determined  by  feeding  two  groups  in  dry-lot  and  two 
groups  on  pasture,  one  of  each  pair  being  given  the  APF  with 
aureomycin. 

It  is  interesting  to  see  that  in  this  experiment  the 
Advanced  Registry  scores  were  10  percent  lower  on  the  carcasses 
of  pigs  fed  the  APB’  #2.  This  agrees  closely  with  the  results 
obtained  in  the  other  experiment  where  carcass  quality  was 
studied.  The  effect  on  carcass  quality  is  difficult,  if  not 
impossible  to  explain  since  it  could  not  have  been  due  to  an 
increased  rate  of  gain. 
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SUMMAKY 

The  effect  of  two  animal  protein  factor  supplements  on  rate 
of  gain,  feed  efficiency,  hemoglobin  levels  and  carcass  quality  was 
determined  by  adding  these  supplements  to  two  swine  rations,  one 
containing  protein  of  mixed  animal-vegetable  origin,  the  other  cont¬ 
aining  protein  entirely  of  vegetable  origin.  APF  #1  contained  vitamin 
tout  no  antibiotic,  while  APF  #2  supplement  contained  vitamin  B^2 
and  aureomycin. 

For  the  overall  period  APF  #1  produced  slight,  but  not  sign¬ 
ificant  increases  in  growth  rate  and  slight  increases  in  feed 
efficiency.  APF  #2, however,  produced  highly  significant  increases 
in  daily  gains  on  both  types  of  rations.  Feed  efficiency  was  also 
increased  as  cpmpared  to  the  control  lots.  Advanced  Registry  scores 
were  5  to  6  percent  lower  on  carcasses  of  pigs  fed  APF  #1  and  10  to 
16  percent  lower  on  pigs  that  were  fed  APF  #2.  No  effect  on  hemo¬ 
globin  level  was  found  to  occur  by  feeding  either  APF  supplement. 

In  two  experiments  using  unthrifty  pigs,  it  was  found  that 
APF  %2  increased  average  daily  gains  from  50  to  86  percent  over  the 
controls  and  Increased  feed  efficiency  by  saving  from  47  to  72  pounds 
of  feed  for  each  100  pounds  of  gain. 

APF  #2  (vitamin  B^g  plus  antibiotic)  fed  to  pigs  on  pasture 
and  receiving  a  high  fiber  diet  failed  to  produce  any  differences 
In  average  daily  gain  or  feed  efficiency  compared  to  the  pigs  on 
the  control  ration.  A  slight  deterloriation  In  carcass  quality  was 
noted,  Advanced  Registry  scores  being  10  percent  lower  for  the  APF 
#2  fed  lot. 
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PART  IV 

THE  EFFECT  OF  HEMATOPOIETIC  COMPOUNDS 
ON  HEMOGLOBIN  LEVEL  AND  GROWTH  RATE 
OF  SUCKLING  PIGS 

INTRODUCTION 

In  the  raising  of  swine  it  is  very  important  to  get  the 
young  pigs  off  to  a  good  start  if  they  are  to  become  healthy, 
rapid  growing  and  economical  producers  of  pork.  In  the  past, 
anemia  has  been  believed  responsible  for  losses  of  many  young 
pigs.  Recent  work  done  at  the  University  of  Alberta  by  Draper 
and  McElroy  (2)  in  this  connection  has  shown  that  pigs  receiv¬ 
ing  210  mgs.  of  iron  initially  at  one  and  three  days  of  age  had 
higher  hemoglobin  levels  at  three  weeks  than  those  receiving 
their  initial  dose  at  four  to  six  days  of  age.  While  it  is  men¬ 
tioned  that  some  pigs  in  the  latter  groups  became  definitely 
anemic,  no  mention  was  made  of  the  significance  of  this  differ¬ 
ence  in  hemoglobin  level  on  the  rate  of  gain  or  the  survival  of 
the  young  pigs. 

The  normal  value  for  hemoglobin  level  at  birth  for  pigs 
has  been  accepted  as  9  S™  */l00  Ml  *  of  blood  (Hunt  e_t  al.  (3)) 
as  compared  to  22  gm  ./lOc  ml  .  for  the  human  at  birth  (Sherman 
(6)).  Kernkamp  (lj„)  seated  that  an  amount  of  hemoglobin  equal  to 
30$  or  more  below  the  amount  present  at  the  time  of  birth  repre¬ 
sents  a  state  of  anemia.  If  the  birth  level  is  unknown,  he 
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believes  6  gm  ~/lOO  ml  .  of  blood,  in  the  pig.  Is  an  amount 
characteristic  of  a  mild  anemia.  Swales  et_  al»  (7)  describe 
3,5  gm  •  or  less  as  ’’clinical  anemia,”  presumably  a  level  at 
which  death  may  be  expected  to  follow. 

Some  workers  (Schwarte  (5))  have  found  that  there  is  a 
large  variation  in  hemoglobin  levels  within  the  same  litter, 
and  furthermore  that  frequently  it  is  the  larger,  faster  growing 
pigs  which  have  the  lower  hemoglobin  levels. 

It  was  considered  of  interest,  and  of  possible  practical 
value  to  determine  the  effect  of  dosing  suckling  pigs  with 
vitamin  B^2*  AFF  supplements,  vitamin  0  and,  in  all  cases,  iron. 
Vitamin  B-jp  has  been  shown  to  be,  per  unit  of  weight,  the  most 
effective  antianemic  substance  known,  it  has  been  found  to  produce 
a  hematologic  response  in  persons  who  have  pernicious  anemia,  and 
nutritional  macrocytic  anemia.  When  administered  to  human  patients 
under  controlled  conditions  there  is  an  increase  in  red  blood 
cell  formation*  It  has  been  found  to  increase  appetite  and  to 
make  patients  feel  stronger. 

Because  vitamin  B^2  is  such  a  powerful  antianemic  sub¬ 
stance,  and  because  it  has  been  shown  to  cause  growth  responses 
in  chicks,  it  was  thought  that  small  doses  0iven  along  with  iron 
at  a  very  young  age  might  increase  the  hemoglobin  level  of  the 
blood  and  also  have  a  beneficial  effect  on  the  growth  rate  and 
vigor  of  the  young  pig* 

The  animal  protein  factor  contains  vitamin  and  other 
factors.  One  APF  supplement  used  also  contained  an  antibiotic. 
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Becaus©  of  tho  relative  cheapness  of  the  APP  as  compared  to 
pure  vitamin  B^2  it  was  decided  to  compare  the  two  with  the 
hope  that  the  APF  might  cause  a  response  comparable  to  that 
expected  of  vitamin  B^2# 

Vitamin  G  has  been  shown  to  stimulate  growth  in  the  chick 
and  also  ho  have  a  role  in  hemoglobin  formation.  The  possible 
involvement  of  ascorbic  acid  in  simple  hypochromic  anemia  was 
suggested  by  Aron  (1)  who  found  this  vitamin  to  be  the  only 
successful  therapeutic  agent  for  an  anemic  condition  in  guinea 
pigs.  For  this  reason  it  was  decided  to  give  vitamin  G  plus 
iron  to  one  lot  for  comparative  purposes# 


EXPERIMENTAL 


Trial  1 


Plan  of  Experiment 

Four  groups  of  l6  purebred  Yorkshire  pigs  were  made  up 
shortly  after  birth  from  the  litters  of  7  sows.  Each  litter 
was  earnotched  for  identification  purposes  and  divided  into  four 
groups  for  treatment  purposes  on  the  basis  of  weight  and  sex* 

The  four  groups  were  treated  as  follows: 

Lot  #1  (Control)  received  iron  at  the  rate  of  210  mg  .  at  3,  10, 
17  and  2l\.  days  of  age.  (210  mg.  estimated,  given  by  spatula) 
Lot  #2  (Vitamin  B^)  received  Iron  as  in  lot  #1,  plus  doses  of 
l£  micrograms  vitamin  injected  intramuscularly  on  the 

3rd,  7th  and  li^th  day  of  age# 
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Lot  #3  (Animal  Protein  Factor  -  a  vitamin  B12  concentrate) 
received  iron  as  in  lot  #1  plus  doses  of  0,51-1-  gm  -  of 
APF  #1  on  the  3rd,  7th  and  llpth  day  of  age,  (This  dosage 
provided  the  same  amount  of  activity  as  was  given  in 

lot  #2, ) 

Lot  #lj.  (Vitamin  C)  received  iron  as  in  lot  #1,  plus  50  mg  •  of 

vitamin  C  (in  solution  by  pipette)  on  the  3rd,  7th  and  lij.th 
day.  (An  effort,  was  made  to  give  the  vitamin  solution 
first  so  that  it  might  be  absorbed  before  the  iron  reached 

it.) 

Hemoglobin  determinations  were  made  at  3 ,  4»  7*  14*  -1* 

23,  42  and  5&  days  of  age.  (For  details  see  appendix.) 

Results 

Growth  data  as  shown  in  Table  XVIIIIa  and  Figure  6 
reveal  that  the  pigs  receiving  puire  vitamin  grew  at  a  signi¬ 
ficantly  faster  rate  than  the  control  lot*  The  control  lot  and 
the  vitamin  C  lot  grew  at  the  same  rate.  The  lot  receiving  APF 
started  off  well  but  received  a  set  back  from  the  third  to  the 
ninth  week  but  ended  up  close  to  the  control  lot*  No  reason  for 
this  set  back,  apart  from  the  possible  adverse  effect  of  the 
extraneous  matter  in  the  supplement,  can  be  advanced.  The  effect, 
if  any  existed,  must  have  been  a  carry  over  effect,  since  the 
decrease  in  growth  rate  occurred  two  weeks  after  the  last  dose 
was  given. 

Hemoglobin  levels  tended  to  follow  a  similar  pattorn 
during  the  first  six  weeks.  The  vitamin  Bi2*  vitamin  C  and  control 
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groups  closely  resjerabled  one  another  while  the  APF  group  ran 
lower  than  the  other  three  groups,  falling  off  rapidly  from  the 
general  trend  from  the  6th  to  the  8th  week*  It  is  interesting 
to  note  that  while  the  hemoglobin  levels  dropped  to  such  a  low 
level,  the  growth  rate  of  these  pigs  was  slightly  faster  than 
for  the  control  or  vitamin  C  groups. 

Mortality  was  low.  Of  the  six  pigs  dying,  two  were 
killed  because  of  injuries,  one  died  of  a  rupture  and  three 
others  died  from  unexplained  causes. 
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Figure  6  .  Growth  Rates  and  Hemoglobin  Levels  of  Suckling  Pigs,  (Part  IV,  Trial  1) 
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Trial  2 

Plan  of  Experiment 

Sow  #128  farrowed  nine  pigs  on  Hay  17#  1950*  Those  pigs 
were  allotted  on  the  basis  of  weight  and  sex  as  follows: 

Lot  #1  (Control  -  3  pigs)  received  iron  at  3,  7,  lip  and  2ip  days 
days  of  age. ( approximately  210  mg,  •  per  dose) 

Lot  #2  (APF  #1  -  2  pigs)  received  iron  as  in  lot  #1  plus  0 *54- 
gm.  iPF  #1  on  the  3rd,  Jth  and  llpth  days.  Bach  dose 
contained  15*2  micro grams  of  vitamin  activity. 

Lot  #3  (APF  # 1  -  2  pigs)  received  iron  as  in  lot  #1  plus  doses 
of  0.36  gm.  at  3*  St  6,  7,  9*  11*  lip#  l6  and  18  days. 

They  thus  re  delved  twice  as  much  vitamin  B-j  g  activity 
as  did  the  pigs  in  lot  #2* 

Lot  #1 1-  (APF  #2-2  pigs)  received  iron  as  in  lot  #1  plus  0.82  gm. 
doses  at  3#  St  6,  7#  9$  11#  lip#  16  and  18  days.  These  pigs 
received  micro  grams  of  vitamin  B3.2  activity  in  each 
three  doses. 

Hemoglobin  determinations  were  run  on  the  3rd,  5th,  8th, 
llpth#  21st,  35th,  ip2nd  and  56th  days. 

Results 

While  all  lots  gained  at  a  slower  rate  than  did  the 
controls,  until  near  the  end  of  the  experiment,  it  was  noted  at 
this  time  all  lots  were  at  least  equal  to  the  control  group  in 
weight,  and  were  gaining  at  a  faster  fate.  (See  Table  XVIIIb  and 
Figure  7.)  The  fact  that  all  lots  were  lower  than  the  control^, 
but  passed  the  controls  in  rate  of  gain,  may  suggest  that  the  very 
young  pigs  cannot  utilize  the  supplement  and  may  indeed  be  retarded 
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in  growth  because,  of  its  use*  However,  in  this  case,  by  the  sixth 
week  the  rate  of  gain  exceeded  that  of  the  controls  which  may 
indicate  a  possible  carry  over  effect. 

Since  this  experiment  was  carried  out  with  only  one  litter, 
the  data  are  not  significant  statistically.  It  does,  however, 
show  a  somewhat  similar-  result  to  that  obtained  in  the  previous 
experiment  when  APF  #1  was  fed  at  the  same  level.  Doubling  the 
dosage  of  APF  #1  further  accentuated  the  S» shaped  trend  in  growth 
rate. 

The  hemoglobin  picture,  in  this  litter,  is  considerably 
different  to  that  obtained  in  the  first  experiment  although  in 
some  cases  upward  and  downward  trends  coincide.  The  higher  level 
of  API'-'  #1  was  successful  In  preventing  a  drop  in  hemoglobin  level. 
However,  the  pigs  on  the  lower  level  of  APF  #1  eventually  had 
hemoglobin  levels  equal  to  those  receiving  the  higher  level. 

The  APF  #2  failed  to  prevent  a  drop  in  hemoglobin  level  and  only 
after  the  JpOth  day  did  they  show  some  signs  of  improving  on  the 
controls* 
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Figure  7  .  Growth  Rates  and  hemoglobin  Levels  of  Suckling  Pigs,  (Part  IV  ,  Trial  2) 
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Trial  3 

Plan  o  1  Experiment 

This  experiment  was  set  up  long  the  lines  of  the 
previous  experiment  but  differed  in  that  three  litters  were  used 
and  that  hemoglobin  determinations  were  made  on  the  3rd,  ?th, 
lij-th,  21st,  35th  and  $6th  days.  Because  of  this  last  fact 
curves  could  not  be  expected  to  concur  too  closely  as  far  as 
fluctuations  are  concerned . 

Results 

As  shown  in  Table  XVIIIc  and  Figure  8  overall  growth 
rates  were  comparable  to  those  o stained  in  the  previous  experi¬ 
ments.  However,  the  groups  showed  only  a  four  pound  range  by 
the  56th  day;  hence  no  significant  differences  are  believed  to 
exist,  here,  as  in  experiment  1,  the  APP  #1  lot  (at  the  same 
level)  failed  to  gain  more  rapidly  than  the  controls.  APF  #2 
caused  the  pigs  to  gain  at  a  consistently,  though  only  slightly 
faster  rate  than  the  control  group. 

Hemoglobin  levels  showed  a  somewhat  different  picture 
in  this  case,  due  in  part  to  the  fact  that  hemoglobin  determina¬ 
tions  were  made  less  frequently  and  in  some  cases  at  different 
times  than  in  the  previous  experiments.  While  the  different 
groups  showed  some  variations  during  the  56  day  period  tne 
groups  all  ended  up  within  a  half  of  a  gram  range.  Hence  no 
significant  differences  are  believed  to  exist. 
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TABLE  XVIIIc 

Hemoglobin  Levels  and  Growth  Rates  of  Young  Pigs 
_ (Trial  3)  _  _ 
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Figure  8*  Growth  Rates  and  Hemoglobin  Levels  of  Suckling  Pigs*  (Part  IV,  Trial  3) 
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DISCUSSION  AND  SUMMARY 

Pure  vitamin  B-j^  produced  a  significantly  faster  rate 
of  gain  than  the  controls.  However,  because  of  the  expense 
involved,  its  use  in  practical  pig  production  is  out  of  the 
question. 

These  data,  on  the  whole, show  that  in  several  casres 
those  pigs  gaining  the  fastest  had  the  lowest  hemoglobin  levels 
and,  conversely,  some  of  the  slowest  growing  pigs  had  the  highest 
hemoglobin  levels.  This  indicates  that  within  the  ranges  of 
hemoglobin  found  in  these  experiment s ,  there  Is  no  clear-cut 
positive  relationship  between  hemoglobin  level  and  growth  rate. 

Hence  a  pig’s  well-being,  as  indicated  by  rate  of  gain,  cannot 
be  predicted  accurately  on  the  basis  of  his  hemoglobin  level. 

As  an  example,  three  pigs  in  the  vitamin  injected  lot  had 
the  following  weights  and  hemoglobin  levels: 

Weight  Average  of  the  last  5  Hemoglobin  Determlnatim 

(6  weeks) 

35  lb.  (heaviest)  6.0  ©us.  per  100  ml*  blood 

21  lb.  (average)  .  8.k  ”  n  n  "  ” 

11  lb.  (lightest)  6.8  ”  ”  "  ”  ” 

This  illustrates  that  hemoglobin  levels  may  be  low  for 
possibly  two  reasons.  One  may  be.  In  the  case  of  the  heavy  pig, 
that  hemoglobin  formation  cannot  keep  pace  with  the  rapid  increase 
in  body  size.  In  the  case  of  the  small  pig  it  may  have  been  that 
he  was  approaching  an  anemic  condition,  due  either  to  some  lack 
of  nutrient  or  to  some  individual  variation  in  metabolism. 
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These  experiments  show  considerable  variation  in  hemoglobin 
levels  within  individual  litters  and  between  litters,  which  bears 
out  findings  in  the  literature  (5).  it  is  noted  in  this  connec¬ 
tion  that  for  the  three  experiments  the  averages  of  all  pigs  at 
the  end  of  the  8-week  trial  were  7*4- »  8*4  and  10*5  gm*  per  100 
ml  .  of  blood  for  experiments  #1,  #2  and  #3  respectively* 

As  a  result  of  these  findings  none  of  these  treatments, 
under  the  conditions  of  these  experiments,  can  be  recommended 
as  a  practical  means  of  increasing  growth  rate  or  hemoglobin 
level  of  suckling  pigs* 
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APPENDIX* 

Methods  of  Analysis, 

1.  Vitamin  A  in  Blood* ( Plasma, since  samples  were  oxalated) 

a.  -Samples  are  centrifuged  for  from  5  to  10  minutes. 

b. -To  a  series  of  test  tubes  add  5  ml*  of  95%  ethyl 
alcohol, 14  ml.  of  petroleum  ether  and  5  ml.  of  serum. 

c.  -Stopper  the  tubes  and  shake  for  5  minutes. 

d. -Set  the  tubes  in  the  dark  for  two  to  three  hours. 

e.  -Pipette  10  ml.  of  supernatant  petroleum  ether  into 
a  colorimeter  tube. (Carotene  is  determined  at  this  point) 

f . -Evaporate  to  dryness  under  a  vacuum  at  50° C. 

g. -To  all  tubes, blank  included, add  1  drop  of  acetic 
anhydride  and  1  ml.  of  chloroform. 

h. -Put  filter  620  in  place  in  the  colorimeter  and  turn 
on  the  current. 

i. -To  the  blank, add  9ml.  of  antimony  trichloride  and 
set  the  galvanometer  so  that  it  reads  100 .Determine  the  air 
blank  and  hold  this  blank  constantly  necessary  adjustments 
until  all  determinations  are  run. 

j. -v/ipe  unknown  tube  and  insert  into  colorimeter. 

k. -Add  rapidly  9  ml.  of  antimony  trichloride  solution 
and  read  the  galvanometer  at  the  first  stationary  point. 
(SbCl3  soln.  is  made  by  adaing  one-half  pound  of  SbCl3  to 
500  ml.  chloroform.) 

Micrograms  per  100  ml.  are  calculated  using  the 
formula.-  Log  of  G  reading  -  (.2051  x  L440)  x  372.4 
where  L440  z  log  of  the  carotene  reading  and  372.4  and  .2051 
are  conversion  factors. 
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2.  Carotene  in  Dlooji  Plasma 

In  this  determination  the  petroleum  ether  extract  of 
the  serum  is  read  in  the  colorimeter . (After  step  e  above) 

f •-Filter  440  is  put  in  place  and  10  ml.  of  petroleum 
ether  is  added  to  a  colorimeter  tube, placed  in  the  colori¬ 
meter  and  the  galvanometer  set  at  100. 

g. -The  air  blank  is  determined  and  held  constant  between 
readings. 

h.  -Samples  are  then  read  and  the  carotene  content  in 
micrograms  per  100  ml.  of  serum  is  determined  as  follows. 

(  Log  of  reading  x  x  3^2.  )  x  2.93 

where  14  *  ml .  petroleum  ether  used  for  extraction 
5  *  ml  ..plasma  extracted 
2.93  »  the  conversion  factor. 

3.  Vitamin  A  in  Milk. 

Reagents*  Potassium  hydroxide  solution- 20  grr  .KOH  /  10 
ml  •  wat  er  pSOlnTC^ethylaicohol . 

Acidified  alcoholic  wash  solution-  1  ml.HCl  / 
i00  ml . ethyl  alcohol  /  1  liter  of  water. 

Procedure! 

a.  -To  5  ml.  of  colostrum  and  15  ml.  water  or_  10  ml.  milk 
and  10  ml.  water, add  30  ml  .  of  potassium  hydroxide  solution 
and  let  stand  in  a  separatory  funnel (A)  overnight  in  the  dark. 

b. -Add  25  ml .  ether.Shake  for  1  minute. Remove  the  lower 
layer  to  a  second  separatory  flask  (B)  and  add  20  ml.  of  ether 
to  this. Shake  1  minute. Discard  the  lower  layer. 

c. -Add  10  ml.  of  acidified  wash  solution  to  (A). Invert  4 
times  letting  vapors  escape. Transfer  the  lower  layer  to  a 
second  flask  (B)  and  do  likewise. Discard  the  lower  layer. 

d. -Add  2  ml.  petroleum  ether  to  (A)  and  to  (B) 
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e. -Repeat  the  washing  step  (c)  twice  more. 

f  .-Combine  the  ether  in  flasks  (A)  and  (B)  and  allow  to  stand 
15  minutes. remove  the  wash  solution  settling  to  the  bottom. 

g. -Draw  off  the  ether  into  a  graduate  cylinder  and  pipette 
a  2/5  aliquot  into  the  colorimeter  tube. 

h.  -Follow* starting  at  step  f  in  the  procedure  for  vitamin  A 
determination  of  the  blood. 

ejaculations 

Hi Ik  Log  of  the  galvanometer  reading  x  332.5  ©quale 

micrograms  of  vitamin  A  per  100  ml  •  milk. 

Colostrum  Log  of  the  galvanometer  reading  x  655  ©quale 

micro grams  of  vitamin  A  per  100  ml •  colostrum. 

4.  Vitamin  C  in  Blood,  and  mile. 

1.  Blood 

a.  -Centrifuge  blood  sample©  '5  to  10  minutes. 

b.  -Prepare  test  tubes  a©  follow©. - 

Blank-  5ml*  glass  distilled  water  /  5  ml  • 
met aphospHor i c  acid  (6/) 

Determinations-  3  ml  •  glass  distilled  water  / 

5  ml  .  met  ax  ho  ephor  i  c  acid  / 

2  ml  .plasma  « 

2.  Bilk 

a.  -Dilute  milk  1/9  with  glass  distilled  water. 

b.  -Prepare  test  tubes  &e  follows.- 

Blank-  as  under  blood  above. 

Determination-  4.5  ml  •  glace  distilled  water  / 

.5  ml  *  of  diluted  milk  / 

5.0  ml  •  metapho ephor ic  acid. 

Bilk  and  Blood 

c . -Shake  gently  after  addition  of  serum  or  milk. 

d.  -Filter  in  the  dark. 

©.-Transfer  5  ml  .  of  the  filtrate  to  all  tubes  and 
5  ml.  of  the  blank  solution  to  colorimeter  tubes. 

f.-Put  filter  515  in  place  and  set  the  air  blank  at  100, 
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g. -To  the  tube  containing  the  blank,  add  5  ml.  of  the  dye  2,6- 
dichlorophenolindophenol  and  read  the  galvanometer  after  30 
seconds.  (Dye  solution  -  2.73  grr  .  sodium  acetate  /  dye  equiva¬ 
lent  to  1-j-  mgs.  of  vitamin  C  in  200  ml*  glass  distilled  water) 

h. -hepeat, using  the  filtrates  from  the  samples  of  plasma  or  milk 
and  reading  after  30  seconds  have  elapsed  after  adding  the  dye. 

g. -  To  all  tubes,blank  included, add  a  few  grains  of  ascorbic 
acid, to  completely  reduce  the  color. 

h. -  Bet  the  blank  at  100, and, seeing  that  the  air  blank  remains 
constant , obtain  turbidity  readings  on  the  other  thhes. 

To  convert  to  milligrams  per  100  ml«- 

Flasma  8.6  x  (Log  of  blank  reading  /  Log  of  turbidity  reading 

-Log  of  the  determination  reading) 

lililk  344  x  (Log  of  blank  reading  /  Log  of  turbidity  reading 

-  Log  of  determination  reading) 

5.  Hemoglobin  Determination. 

a. -  To  clean  colorimeter  tubes  add  10  ml  *  distilled 
water  and  stopper. 

b. -  Add  .02  mi ,  (blood  pipette)  of  blood, obtained  from 
an  ear  vein, and  shake. 

c. -To  a  blank  (10  ml.  distilled  water)  and  to  determin¬ 
ation  tubes  add  1  drop  of  concentrated  ammonium  hydroxide. 

d. -  With  filter  540  in  place  set  the  blank  at  100. Deter 
mine  air  blank  and  hold  constant. 

e. -  Obtain  readings  on  the  blood  and  calculate  grams  of 
hemoglobin  per  100  ml.  of  blood  as  follows. 

100  x  L540 


2.58 


L540  the  log  of  the  gal¬ 
vanometer  reading  when  using 
filter  540. 
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DETAILS  Oh  THE  METHOD  OF  AL1IIIQ  ACID  ASSAY 

Preparation  of  Inoculum  •  > 

The  organisms  L.  mesenteroides  P-60.  L.  arabinosus  17-5. 
and  S.  faecal is  R.  were  maintained  by  transferring  every  two 
weeks  to  fresh  stabs,  incubating  for  24  hours  and  then  storing 
in  the  refrigerator. 

To  prepare  inoculum  the  bacteria  were  transferred  from 
stab  to  broth  culture  and  incubated  for  24  hours  at  37°C.  The 
liquid  cultures  were  then  centrifuged,  the  supernatant  decanted 
and  the  bacteria  resuspended  in  sterile  physiological  saline. 
Asex>tic  technique  was  practised  throughout. 

The  broth  cultures  and  stabs  contained  the  Ingredients 
in  the  amounts  given  in  Table  1. 

Table  1 

Composition  of  Liquid  and  Solid  Broth 
Culture  Media 


Liquid  Solid 


Salts  B  solution 

K0IIPO4 

Vitamin  solution 
Glucose 
Tryptone 
Yeas#  extract 
Sodium  acetate 
Agar 


•  5  cc .  «  5  c  c • 

•  5  cc •  cc . 

2.0  cc.  2.0  cc. 
2.0  gms.  2.0  gms. 
1.0  gms.  1.0  gms. 

.5  gms.  .5  gms. 
1.0  gms.  1.0  gms. 


1.5  gms. 


Make  up  to  100  cc.  with  water  and  tube 
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Basal  Iledium 


The  composition  of  the  basal  medium  used  in  the  assay  of 
lysine,  leucine,  isoleucine,  phenylalanine,  valine,  methionine, 
arginine,  histidine  and  threonine  was  similar  to  that  used  by 
Eiesen,  Clandinin,  Elvehjem  and  Cravens  (13). 

As  in  their  methods 

1.  The  amino  acids  were  included  at  the  maximum 
levels  recommended  by  the  Wisconsin  Board.  This  was  done  in 
order  to  standardize  the  medium  for  the  three  organisms. 

2.  Xanthine  was  included  in  all  media. 

3.  Pyri&oxamine  was  used  exclusively  in  place  of 
pyridoxine  as  it  has  been  reported  by  Snell  and  Rannefield* 

that  it  is  doubtful  if  lactic  acid  bacteria  can  utilize  unchanged 
pyridoxine. 

4.  Choline  and  inositol  were  omitted. 

The  medium  differed  from  that  used  by  Eiesen  at  al_  (13) 
in  that  proline  was  included  in  the  media  for  all  three  organisms 
not  just  in  that  for  heuconostoc  mescnteroides. 


*  SHELL, E.E.  and  A.M.RAMEFIEIJD.  Vitamin  B*  Group.  Ill  The 
Vitamin  Activity  of  Pyridoxal  and  Pyridoxamine  for 
Various  Organisms.  J.  Biol.  Chem.  157 :  475-489  (1945) 
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Composition  of  Basal  Medium 

Table  2 

Composition  of  Stock  Solutions  for  Basal  Medium 
not  including  .Amino  Acid  Solution 

1,  Salts  A 


KHoPOa 

K2fiP04 

Make  up  to  100  ml 
2.  Salts  B 

MgS04*7E£0 

I,eS04  *71120 
MnS04.4H20 
MaCl 

Make  up  to  100  ml 


10  gms . 
10  gms* 


200  mgms 
10  mgms 
10  ©gms 
10  mgms 

with  distilled  water* 


3*  Mixture  of  purine®  and  pyrimidine 


Adenine  sulfate *2Ho0 

Guanine.ECl.2H20 

Uracil 


100  mgms* 
100  mgms. 
100  mgms. 


Make  up  to  100  ml.  with  water  and  to  get  into 
solution  warm  and  add  1  ml.  concentrated  HC1. 

4.  Xanthine 


100  mgms.  xanthine. 

To  75  ml.  warm  water  add  100  mgms.  xanthine. 
Add  drop  by  drop  concentrated  MI4GE  until 
dissolved. Cool  and  make  up  to  100  cc.  with 
H20. 


5.  Vitamin  solution 

Thiamine  hydrochloride 
pyridoxamine  dihydrochloride 
dl-calciuzn  pantothenate 
Riboflavin 
Mcotinie  acid 
Para-aminobenzoic  acid 
Biotin 
Folic  acid 


12.5  mgms. 

5.0  mgms. 
12.5  mgms. 
12.5  mgms. 
25.0  mgms. 

2.5  mgms. 
25.0  gms. 
250.0  gms. 


To  dissolve  folic  acid  add  2*3  drops  M-I4OH. 

To  dissolve  riboflavin  add  2  ml.  acetic  acid. 
Make  up  to  250  ml.  with  distilled  water  and  warm 
to  insure  that  all  vitamins  are  in  solution. 
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Table  2  (  continued) 

6,  Amino  Acid  Solution 

The  composition  of  amino  acid  solution  as  recommended 
by  the  Wisconsin  Board  is  given  in  Table  3. 


Table  3 

Composition  of  Amino  Acid  Solution 
for  microbiological  Assays 
for  Amino  Acids  (500  tubes) 


L,  arabinosus  L.  mesenteroides 


Constituents 

17-5  S. 

faecalis  K 

| 

Si 

i 

dl-Leucine 

200  mgm 

200  mgrns 

200  mgms 

dl-$soleucine 

200 

200 

200 

dl-Valine 

200 

200 

200 

1-Cystine 

100 

200 

200 

dl -Methionine 

100 

100 

200 

dl-Tr yp t  ophane 

50 

100 

100 

1-Tyrosine 

50 

100 

100 

dl-Phenylalanine 

100 

100 

100 

l(f-)  Glutamic  acid 

400 

400 

400 

dl-Threonine 

200 

200 

200 

dl-Alanine 

200 

100 

200 

dl-Aspartic  acid 

400 

400 

400 

1  (+)Lysine  HCl.HgO 

200 

200 

200 

1  (+}  Arginine  HC1 

50 

50 

100 

1  (+)HiBtidine  HCl.HgO 

50 

50 

100 

dl- Serine 

«• 

50 

200 

Glycine 

20 

100 

1-Proline 

- 

~ 

50 

The  stock  amino  acid  solution  was  prepared  by  including 
the  amino  acids  in  Table  3  at  their  maximum  level,  However,  it 
will  be  noted  that  amounts  listed  in  Table  3  are  the  amounts 
required  for  500  tubes.  In  making  up  the  stock  solutions  of 
amino  acids  120  ml,  is  prepared  and  stored  in  the  refrigerator 
and  in  preparing  enough  basal  medium  for  100  tubes,  5  ml.  of  this 
stock  solution  is  uded. 
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Therefore,  from  Table  3  it  can  be  calculated  that 
200 

5  cc,  must  contain  ~5r“  mgms.  dl-leucine, 

200 

120  cc*  must  contain  5  x  120  *  960  mgms*  dl-leucine. 

As  dl.  form  has  half  the  activity  of  1  form  480  mgms.  or 
approximately  0.5  gms.  of  1-leucine  must  be  used  in  the  prepar¬ 
ation  of  120  ml.  stock  solution. 

In  this  manner  Table  4  was  built  up  and  it  gives  the 
amount  of  each  amino  acid  required  for  120  ml.  stock  solution. 
In  each  case  the  amino  acid  being  assayed  for  is  omitted  and 
thus  9  amino  acid  solutions  are  required. 

Table  4 

Composition  of  .Amino  Acid  Solution 

¥t./l20  cc., 

£ms 


1-leucine  .5 

dl-isoleucine  1.0 

dl-valine  1.0 

1-cystine  1.0 

dl -methionine  1.0 

dl- tryp t  ophane  . 5 

1-tyrosine  .5 

dl-phenylaianine  •  5 

lb  glutamic  2.0 

dl- threonine  1.0 

dl- alanine  1.0 

dl-asparagine  2.0 

l(+) arginine  HC1  -.5 

l(+-)histidine  IIC1  HgO  .5 

dl  lysine  HC1  2.0 

dl  serine  1.0 

1-proline  .25 

glycine  .5 


Dissolve  in  small  amount  of  water  by 
heating  and  adding  about  10  ml.  cone.  HC1. 
Make  up  to  120  ml. 
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The  basal  medium  was  prepared  from  these  stock 
solutions  which  were  stored  in  the  refrigerator .The  amounts 
of  each  of  the  constituents  used  to  make  up  sufficient  basal 
medium  for  100  assay  tubes  are  shown  in  Table  5. 

Table  5 

The  Quantity  of  Stock  Solutions  Used 


to  Prepare  Basal  Medium 
Sufficient  for  100  Test  Tube  Assay 


Constituent 

Amount 

Used 

Dextrose 

4  ©ns. 

Sodium  acetate 
( lysine , leucine , 
isoleucine, phenylalanine, 
valine) 

4  gme. 

Sodium  citrate 
(  methionine, arginine, 
histidine, threonine) 

5  gms. 

Salts  A 

1  cc. 

Salts  B 

1  cc. 

Mixture  purines  and 
pyrimidine 

2  cc. 

Vitamin  solution 

3  cc. 

Anino  acid  solution 

5  cc. 

neutralize  with  brom  thymol  blue  and  make  up  to  100  ml, 
with  distilled  water, being  careful  not  to  contaminate  one  with 


the  other 
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Preparation  of  Standards 


separate  stock  solutions  of  lysine,  leucine, isoleucine, 
phenylalanine,  valine,  methionine,  arginine,  histidine  and 
threonine  were  prepared  at  the  exact  concentration  of  *5  mgms. 
per  ml.  and  were  stored  in  the  refrigerator.  The  amounts  of 
the  particular  form  of  amino  acid  used,  required  for  200  ml. 
stock  solution,  are  given  in  Table  6. 


Table  6 

Composition  of  Stock  Standard  Solutions 


Weight  for 

200  cc. 

Amino  Acid 

(mgms,) 

dl  lysine  HC1 

250 

1  lysine  HC1  H2O 

138 

1  (-)  leucine 

100 

dl  isoleucine 

200 

dl  phenylalanine 

200 

dl  valine 

200 

dl  methionine 

200 

1  (+)  arginine  HC1 

1  (+)  histidine  HCl.H^O 

121 

135 

dl  threonine 

200 

Dissolve  in  a  small  amount  of  water  by  heating  and  adding 
concentrated  HC1  dropwise  and  then  make  up  to  volume. 

The  dilutions  used  in  making  up  the  standard  solution 


are  given  in  Table  7 
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Table  7 

Dilutions  for  Standard 

Solutions 

Amino  Acid 

Ills,  stock 

solution 

Final 

Volume 

Range  9 
microfcrams 

Lysine 

20 

250 

0-40 

Leucine 

10 

250 

0-20 

Isoleucine 

10 

250 

0-20 

Phenylalanine 

5 

250 

0-10 

Valine 

10 

250 

0-20 

Lethionine 

5 

500 

0-  5 

Arginine 

10 

250 

0-20 

Histidine 

5 

500 

0-  5 

Threonine 

5 

250 

0-10 
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